
\

WHEAW4W7CA~COMPANY
ASR4PLANC" DIVISION - WICHITA BRANCH

CODE IDENT. NO. 81205

DISTPUBUTICI OF mrS

'PS loLITEL.

DOCUMENT NUMBER D3-6961 DATE 29 December 1965

TITLE wATR DRjipET RPING,-MN PREICTION FOR M. INE

41 INLETS BY TRAJECTORY ANALYSIS IN A POTEI AL
FLOW FIELD - FINAL REORT

CONTRACT NO. NOw 65-0273-f Item I MODEL R&D

DISTRIBUTION LIMITATIONS -DDC AVAILABIL!TY NOTICE

Xa M a- " ' s repo rm .

M Foreign announcement and disseminotion of this report by DDC ore not outhorIz~j.

El- U. S. government agencies may obtain copies of this report directly from DDC.
Other qualified DDC users shall request through The Boeing Company.

ElU. S. military agencies may obtain copies of this report directly from DDC.
Other qualified users shall request through The Boeing Company. X F r "

El All distribution of this report Is controlled. Qualified DDC users shall
request through The Boeing Company. L J JU11

* A

PREPARED BY 1_____" 2- V- z I "

CLEA~i~fG~oUSE ,lop AI SENICI AND____
yEMAL 1NC4FVIAON

TEHW Y I - -AT

REV LR:..~3-6961REV LTR:_.... ' - OF 227

0W ISSUE NO. /



Best
Avai~lable

Copy



V V

TABLE OF CONTENTS

1.0 Object 4

2.0 Summary 5

2.1 Development Summary 5

2.2 Descriptive Sumgary 5

3,0 Conclusions 6

4.0 Recommendations 7

5.0 Description 8

6.0 Method 9

6.1.1 Potential Flow Field Analysis 9

6.1.2 Potential Flow"Computer Program 13

6.1.3 Potential Flow Computer Program Usage 17

6.2.1 Water Droplet Trahectory Analysis 22

6.2.2 Water Droplet Trajectory Computer Program 25

6.2.3 Water Droplet Trajectory Computer Program Usage 28

7.0 Results and Discussion 38

8.0 Symbols and References 40

8.1 Symbols 40

8.2 References 42

9.0 Plates " " "44

10.0 Appendices 56

10.1 Appendix 1 - Potential Flow Computer Program Flow Chart 56

10.2 Appendix 2 - Potential Flow Computer Program Listing 112

iE7MAM NO. D3-6961

REV LTR: ISECT PAGE 2

E-3033 Rt



page

10.3 Appendix 3 -Water Droplet Trajectory Computer

Program 2crChart 153

10.4i Appeaf.Ii:xk Wate~r Drolet Trajectory Computer

Program Listina 206

REV LTR: -SEC PAGE 3
E-3033 RI



This report is written to fulfill the requimemnts of Bureau of Naval
Weapons ccntract I ri 65-0273-f Itcem 4. This contract was issued for
development of a digital computer program -;o Iredict the anti-icing
reqaixements for eqngne inlets by predicting water droplet impinge-
ment. The determination of the desiga requ.rements is made by
establihig the potential .4low field around, the subject surface and
then calculating the trajectory of the wter droplet as it approaches
and ir_.inges on the surface.

During t'he exetution of this contract, any new discoveries or inventions
,si bect inventions) were to be reported to the Government.
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2.0 SuARW

2.1 Development Summary

With the signing of the development contract on March 9, 1965, the
Contractor started work on the two basic digital computer programs to
provide an accurate method of water droplet impingement. The potential
flow compater program was updated and refined by the addition of vari-
able distance incrementation, improved plotting and table preparation
routines and more output.

The water droplet trajectory computer program was adapted to the
improved potential flow program and expanded to include methods to cal-
culate trajectories that included smaller droplets, droplet reversal,
gravity and buoyancy effects and random input. Provisions for summing
the results from a given droplet size distribution and for determining
the tangent droplet trajectories were also included. Both computer
programs were verified by comparison with theoretical and NACA analytical
and test results.

In compliance with contract Section V (PATENT RIGHTS), the Contractor
hereby certifies that there are no Subject Inventions relative to the
fulfillment of this contract.

2.2 Descriptive Summay

The Boeing Company under contract to the Bureau of Naval Weapons has
developed a digital computer program to predict the anti-icing require-
ments of engine inlets by calculating water droplet trajectories toward
the particular inlet through a potential flow field. The incompressible
potential flow field is determined by a separate computer program using
known boundary conditions. The potential flow field results are combined
with the droplet and flow physical data for input to a droplet trajectory
computer program. This water droplet trajectory program is based on
balancing the drag, buoyancy and weight forces on the water droplet with
the rate of change of the water droplet momentum.

The water droplet computer program is extremely versatile because the
actual design shape is used in the study and therefore the results do not
need to be extrapolated.

Verification of the computer programs was accomplished by comparisons
with theoretical and NACA test and analytical data.

" AZ:OM JNO. D3-6961
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3.0 CONCLUSIONS

Based on historical and cur.rent development experience as shown by
the references and this report, it is concluded that:

I. This method of determining water impingement on cylindrical and plane
objects is accurate, efficient and rapid.

2. The water droplet trajectory computer program can be used to predict
the trajectories of large and small water droplets starting at
erbitrary conditions.

3. The potential flow computer program is a useful tool to describe
complex flow fields to assist in surface and duct pressure distri-
bution studies.

4. The developed computer program does not contain any new inventions
or discoveries that could be classed as a Subject Invention (contract
section V).

A&"A=Z j NO. D3-6961

REV LTR: SECT iPAGE 6

E-3033 R I



4.o RECOMENDATIONS

Based on the results and conclusion described in this document
it is recommended that:

1. This method of water impingement prediction be adopted as a
standard for anti-icing requirements determination.

2. Development of the water droplet trajectory program be continued
to expand its utility, simplify its usage and increase its
accuracy especially for heavier, larger particles.

3. The potential flow computer program be expanded to include
compressibility effects.

SNO. D3-6961

REV LTR: PAGE 7

E-3033 RI



5.0 DESCRIPTION

A preliminary water droplet trajectory calculation computer program was
refined, expanded and verifiel during the completion of Item 1 of the
subject contract. Specific effort was devoted to accomplishing the
following.

(a) The potential flow field computer program was updated and refined
for increased utility and versatility. Variable distance incre-
mentation in both the horizontal and vertical (or radial) directions
was provided to more adequately define a potential flow field by
using fine increments in areas of special interest. The potential
flow program output was also increased to include velocity, velocity
ratio and pressure coefficients at coordinate points on selected
streamlines.

(b) The water droplet trajectory computer program's capabilities were
expanded to permit the calculation of smaller droplet trajectories
and droplet direction reversal. These changes were accomplished
by making the water droplet horizontal distance increments independent
of those selected for the potential flow grid and by using an addi-
tional set of equations for vertical travel. For droplet direction
change calculations, the droplet primary direction of travel is
changed whenever the perpendicular distance traveled is greater
than an element in that direction. The droplet direction is
reversed whenever the droplet inertia is insufficient to carry it
across an increment and the perpendicular velocity component is
small.

(c) The water droplet trajectory computer program was modified to pro-
vide for variation in the water droplet's initial state with respect
to the free stream flow (random input) and for the effects of
gravity and buoyancy on the droplet trajectories. The random input
feature permits starting the droplet trajectory from any point in
the potential flow field with any velocity components. The inclu-
sion of gravity and buoyancy effects destroys the symmetry of the
cylindrical flow field trajectories and requires calculations with
negative ordinate values. The capability of calculating below the
centerline has been included.

(d) The water droplet trajectory computer program was verified by
comparison of the program's impingement predictions with NACA
analytical and test results. Analytical comparisons were made
against the NACA cylinder, sphere and airfoil data and comparisons
with the test data were made for the sphere, airfoil and supersonic
engine inlet.

"",EZV" J NO. D3-6961
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6.0 __T__

This analytical method of water droplet impingement prediction ut*ilizes
a digital computer and a finite difference solution of the trajectory
equations of particles in an incompressible potential flow field. The
potential flow field is determined from known boundary stream function
values by using the relaxation technique for solving the stream f"Lnction
equations derived from continuity and irrotationality.

The results of the potential flow computer program are used with addi-
tional water droplet and flow physical data as input to the water droplet
trajectory computer program. The water droplet trajectory program
calculations result in an accurate determination of water impingement
intensity on a desired surface.

Flow charts and listing of the computer programs are presented in

appendices 1 through 4.

6.1.1 Potential Flow Field Analysis

Since the computer program solves the stream function equations to obtain
the potential flow field from boundary stream function values, these

boundary values must be determined analytically. The generalized flow
field for an engine inlet is shown on page 12, Using this figure with
the y-values as radial lenghts, we can develop the boundary values as
follows.

For two dimensional (plane) incompressible steady fluid flow the velocity.
component in any direction is found by differentiating the stream function
at right angles to that direction. Assuming the positive flow direction
as upward (increasing y-values) and to the right (increasing x-values)
the velocity components are

d '(1)

In the case of axiali-y-symjretric flow, such as that of an engine inlet

the velocity components are

IYx= /Yaal = (3

= /Y-radial = - ____ (4)
y Ox

"A-A=-_ZAV" NO. D3-6961
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The airflow toward the engine inlet is assumed to be from left to right
with a value of U co at the left boundary. At this boundary the flov
velocity is uniform and horizontal. Therefore,

~IVty = (Vlr le ft =0 (5)

IV'xl= Ax left - ____ U_ - O -k uo (6)
y y

then U'= U' ydy (7)

and 7'- k / (8)

or ?l= k~ U'CO yl/ 2 +0 (9)

To evaluate the constants ( k and c) the following boundary conditions
are used.

(a) ?l = 0 at Yl = 0

(b) = 1 at Y : (stream tube radius)

Using (a) c- is evaluated as zero.

2
Using (b) k is evaluated as 2/ ( U, R CO ) and equation (9) can be
rewritten as

1 , 2/ 2 (10)

At the radial extremity of the control volume (y = y max)

y"J- : y'= (y ,, 2/ 2)

Since Ymax is a constant and assumed to be the ordinate of a horizontal
stream line, Y max is a constant for all values of x.

The arbitrary selection of the stream function value of one (1.0) for the
value at the stream tube radius on the left boundary establishes this
value everywhere on the stream tube boundary including the cowl surface.
Similarly, selection of the zero stream function value on the centerline
establishes this value on the centerline and on the centerbody surface.

AS-97AEMW! NO. D3-6961
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At the right boundary , uniform horizontal flow is assumed to exist
within the inlet and also outside the cowl. These flows can (and
generally do) have different velocities. With these assumptions
the following basic equation can be developed and evaluated.

'=k U Y2 / 2 +c. (11)

Inside the engine inlet

)V =0 at yr = Y ocb so = k2 U Y2ocb/2.

Y= 1.0 at Yr-- Yic so k 2 = 2/(U(Y - 2 2

Then

Y2 2 y2 2

Yri= ( _ Yocb ic Y ocb) (12)

This equation for the stream function is valid between the engine inlet
centerbody and cowl at the right side of the control volume.

Outside the engine inlet equation (11) is evaluated with these condi-

tions.

= 1.0 at yr = yoc

Y max=. at Yr = Y max

2,
Then c3 = 1 - k3  U yoc / 2

2 22 22 2 2 2 2 2
Yro= 1 + (Yr 2  Yoc2 ) 2 /R 2-1) (Ymax Y) (13)

This equation is used to evaluate the stream function values on the right
control volume boundary in the constant velocity region outside the
engine inlet.

For a particular engine inlet configuration and engine power setting
(airflow requirement), the in,.t left and right boundary stream function
values for the potential flow program are determined from equations (10),
(12) and (13). The lower, upper and model surface stream function
boundary values are arbitrarily assigned at zero, maximum and one,
respectively.

" A 7 17 NO0. D3-6961
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6.1.2 Potential Mow Computer Program

Incompressible, inviscous and irrotational fluid flow problems in plane
and axially-symmetric flow fields can be solved with the assistance of
the IBM 709/ FORTRAN digital computer program described herein.

Input data for the program includes a geometric descriDtion of the flow
field boundaries and stream function values for the boundaries. Program
results include a complete description of the potential flow field by
enumerating stream function values at mesh intersections and streamline
coordinates, as well as fluid velocities and pressure coefficients for
selected streamlines.

The stream function, psi ("Y), for incompressible, steady, fluid flow is
defined as the volume of fluid passing between a base streamline and the
point in question. For a plane flow field the field depth is considered
to be one unit and for an axially symmetric flow field, the depth varies
with the radius.

The velocity component in any direction is the differential of the stream
function at right angles to that direction. The usual convention of
positive flow upward and to the right results in the following derivatives
for velocity components.

Field Plane Axially Symmetric

Horizontal velocity.. Vx /Y (1/y) ( /Y)

Vertical velocity, vy - W x (-l/y) ( dY'/dx)

Limiting the flow to be irrotational introduces the follow.Ing equation:

or d 2 Y/la4 '2 '1 Y2'~ (14,)

for plane flow. For axially symmetric flow this limitation yields

S/ X (-/y / ) - c y( 'Y ) - o

y~d jy d Y = 0 (15)

'A7,#'o I NO. D3-6961

REV SYM: .SECT PAGE 13

E-3033



Equations (14) and (15) define the stream function for incompressible,

steady, inviscous and irrotational fluid flow in plane and axially
symmetric flow fields. Numerical evaluation of these equations by the
relaxation technique is the primary function of the potential flow
computer program.

The potential flow computer program is divided into three distinct sections:
potential flow field solution; derivative calculation and contour mapping.
The potential flow field solution is accomplished by a finite difference
approximation of equations (14) and (15). This solution is based on the
use of a rectangular grid with the origin of coordinates temporarily at
the point being considered. For a typical mesh point, ?Lo is the stream
function to be calculated and a. b, c and d are the distances to adjacent
mesh points with stream function values of l, y2, Y3 and Y4p
respectively.

,2

b
___3 c 0 a.. .X

________ ________ 4. _ _ _

0 1

An example of a mesh point coordinate system showing variable mesh spacing
and coordinate orientation is illustrated by this sketch. The average
first partial derivaties of -r with respect to x from the origin to
points 1 and 3 are:

Y/ x)) =LAx/AX) 1 = (Y'1 Yro)/ (16)

) x)3 , 0 = A"/Ax)3 ,0 = o -Y3)/ c (17)

The average second partial derivative of -y with respect to x to be used
between the distance a/2 to the right of the origin to c/2 to the left
of the origin is

A& A7-  I : NO. D3-6961'
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~2Y'~x) 0 =(a'yl) x) o, 1. c37'x a , a+ c) 1 2

= 2(T 1 -Yo)I(a (a+c)) - 2 (Yo -'I'3)I ( c (a+c)) (18)

By similar analysis in the vertical direction

a y 2)0 = 2 (Y 2-Yo )/ (b(b+d)) - 2(y'0 -2Y4)/(d(b +d)) (19)

The first partial derivative of Y-- wi~h,respect to y at the origin is
approximated by a linear interpolation of the average first partial
derivaties in the adjacent intervals above and below the origin.

dY'la y)0. = (d(a Yld Y) 2 + b ( a Y'Id y) 4,,0)/ (b + d)

= d (W2-YO) / (b(b+d)) + b 0% -" 4 ) / (a(b+d)) (20)"

Substitution of equations (18), (19) and (20) into equations (14) and (15)
results in the following finite difference approximations for plane and
axially symmetric flow, respectively.

2 i . + 2? 2  + 2Y 3  + 2 Y 4

a(a+c) b (b+d) c (a +c) d(b +d)0 =  (21)
2 2 2 2

a~a-c + b (b+d) "L c(a +c; + d (b + d)

2)V I  + (2-d/y) -'2 + 21, 3+ (2+b/y)Y 4

= a(a+c) b (b+d) c (a+c) d( b + d)
70 2 + (2-d/y) + 2 + (2 +b/y) (22)

a(a+c) b(b+d) c(a+c) d(b +d)

In the computer program equations (22) is reduced to equation (21) for
plane flow by making d/y and b/y equal zero.

The computer program constructs a fVnite difference solution at each mesh
point and sweeps through them in a definite order. Repetitive calculations
(sweeps) result in the stream function values converging to values consistent

B7A' NO. D3-6961
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with the specified bomndary values. To improve convergence over-relaxation
is used. That is, the caiaulated change in the stream function value at
each point is multiplied by a relaxation factor which is greater than one.
This result is added to the previous value and the sum is used for the new
stream Onction v6alue,

Sweeping is done -in alternate directions, first by columns from lower left
to upper right, and then, also by columns, from upper right to lover left.
(This improves the rate of convergence somewhat for cases with normal
derivative enforcement on the boumdaries). A series of 40 sweeps (20 pairs
of alternate direction sweeps) is sarried out to establish the pattern of
convergence; then the point with maximum error is located and followed
through ten more sweeps. The change in the indicated error over this last
sequence of eleven sweeps is used to define the ratio for a geometric series.
The ratio is used to extrapolate the migration of the field over the sequence
of eleven sweeps to an indicated limit, subject to a hedge factor and a
maximum limit on the indicated extrapolation. This procedure has been found
to accelerate the convergence of well behaved configurations by about 30%
and the convergence of poorly behaved configurations by a factor of three.

The second pert of the computer program operates on the potential flow
field obtained above and calculates the partial derivatives of -' with
respect to x and y at all mesh points. These derivatives are obtained by
linear interpolation using the -Y- values at the desired point and at the
adjacent points on each side at the same ordinate or abscissa value.
Derivatives at points on boundaries are extrapolated linearly from the two
points closest to the boundary at the same ordinate or abscissa;.yalup.

The absolute velocity at each mesh point is calculated as the square root
of the sum of the squares of the x and y partial derivatives of .:)* at the
point. For axially symmetric flow fields this calculation includes division
by the y value (radius) tc obtain the true velocity.

Contour mapping of selected stream lines or constant partial derivatives
is accomplishd in the third program section. The ordinate values of stream
lines (stream function isolines) or contours of constant partial derivative
values are determined at te input abscissa values from the potential flow
field and/or either of the derivative fields by linear interpolation. The
flow velocity at the stream line coordinates is also determined by inter-
polation.

The pressure coefficient is calculated at each point on the contour lines.
The pressure coefficient is calculated as 1 -(local velocity/free stream
velocity) 

2.

M NO. D3-6961
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6.1.3 Potential Flow Computer Program Usage

Input for the potential flow computer program is prepared on six field,
72 column floating decimal data cards as illustrated on the following
Potential Flow Program Input Format. The individual input quantities
are described as follows.

TITLE Identification of the problem - used as a heading
in the printout.

AXYM Flow field type key - zero for a plane flow field and
one for the axially symmetric flow field.

CVGS Relaxation convergence tolerance - when the marlmum
difference between two successive sweep!s -; PSI value is
less than this number, the flow field iteration will
stop. This value should be greater than 3 x 10 -8
due to machine limitations.

NSWPS Number of sweeps - maximum number of sweeps permitted.
The iteration will stop after this nunaer of sweeps.

PUNCH Potential flow field table punch key - table will be
punched if this value is one.

NDERIV Normal derivative key - one to force the normal deriva-
tives at boundaries to zero. Normally input as zero

and YO and Yl are ignored.

YO Y-value of the lower boundary on which the normal deriva-
tives are forced to zero.

Y-value of the upper boundary on which the normal deriva-
tives are forced to zero.

*XSCL Scale factor in the X direction for plot of stream lines

equal to the number of inches which correspond to a unit
change in X.

*YSCL Scale factor in the Y direction.

*XL1 Lower limit in the X direction of area to be plotted.

*XL2 Upper limit in the X direction of area to be plotted.

o~~l Lower limit in the Y direction of area to be plotted.

*YL2 Upper limit in the Y direction of the area to be plotted.

* XSCLA, YSCLA, XLIA, XL2A, YL1A and YL2A are the corresponding parameters

for a second plot. If only one plot is desired the s xth card should
be blank. NO. D3-6961

REV LTR: SECT PAGE 17
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YlU, Y2, Y3, ... Ym First, second, third ... m'th selected ordinate
mesh line values.

Xa, Xb, Xc, ... 2 First, second, third ... n/2'th abscissa boundary
/ values at a given ordinate value.

Ya,Y)'b, 1c,'..n/2 Stream function boundary values at Xa, Xb, Xc,Xn/2 or at Ya, Yb, Yc, ... Yn/2"

n The number of boundary coordinates and stream
function values along that particular mesh line.

Xl, X2, X3, .. Xm First, second, third ..o n'th selected abscissa
mesh line values.

Ya, Yb, Yc, ... Yn/2 First, second, third ... n/2'th ordinate boundary

value at a given abscissa value.

NSL Number of stream lines of a type (see CSCH).

CSCH Determines whether stream lines connect points of
equal stream function value (CSCH = 2), derivative
of PSI with respect to X (CSCH = 3) or derivative of
PSI with respect to Y (CSCH = 4).

NMLNS Number of types of SLINES. NSL, CSCH, and the SLINES
must be input NNLNS times.

SLINES Values of PSI ( or derivatives of PSI with respect
to X or Y) through which lines will be drawn.

"'AM"'AV/" N O. D 3- 6961
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Output from the potential flow computer program is self explanatory
and is printed in the following order.

Input Input is printed out to provide a permanent
record.

Sweep history Record of convergence is printed out with
residue at point of largest deviation.

Potential flow field solution - The stream function values, deriva-
tives and flow velocity are printed out at
each mesh point.

Contour lines Stream line or constant partial derivative
coordinate values, velocities and pressure
coefficients at these points are printed.

On request, the program will also provide a plotter tape for a Cerber
plotter of the contour lines. The potential flow field is punched
on data cards in table form for use in the water droplet trajectory
computer program.

6.2.1 Water Droplet Trajectory Analysis

The equations of motion for a water droplet in air are obtained by
a summftion of forces on the drop. Ignoring the gravitational force,
the drag force on the water drop must be equal and opposite to the
rate of change of the water drop momentum. The drag force in the
x-direction is

Dx = CD ( 1a /el /2) (77a2) ( -IVxw)l rrel (23)

where /trrel = /r-Arw.

The rate of change of drop mumentum in the x-direction is

F = mass x acceleration = (4 Wa 3 (w /3) dMxw/dt. (24)

The drop Reynolds number is

R = (2 a /0a At"rel)/q (25)

then Dx = CD R 7aA Qx Avxw)/ 4  (26)

and Fx =Dx (27)

(4 T7" a3 10,/3) d/V'w/dt = (CD R/4) TraA /tx -/ xwj) (28)

or (2 a2 u 19,A ) d/ xw/dt = (UCDR/2 4 ) (/Ix -J/xw) (29)

f FZM" NO. D3-6961
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where =U /P-., Ir---Ulr

dhIw/ dt = (UCD/24IK) (Afrx (30)

where K =2 a2 /,Tvr/ a (31)

and since dt =dx/A§}J (32)

,- - d4 t = (CDR/2 4K) (/;- -.4cX,) dx. (33)

Similarily in the y-direction

d/ljitw/dt = UCDR/2'IK (k '- '~ (34k)

Equation (33) can be integrated using mean values of' velocity over
an interval.

(/wn+1 n~

h 9 . .

= ~ ma (C~/4) ('; wmeanXn+l - Xn) (6

Equation (34~) can be integrated in a similar manner.

VV )n+l tn+l

Jd/ = (UCDR/2k'K)men (&'. -/1ywmean fit (7

(/VYW) n tn

APZA'W4:NO. D3 -6961
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(iv ~= UCD/2fKmean 0" mean(t~ljtn) (38)

From equation (32) is obtained

tn+ - tn = 2(Xn+l - n)/LU(/Ixwn+l +(39)

and similarily

Yn+ -:1 Li'U )nl, + (/ n (tn+l - tn)/ 2. (40)

By similar analysis sing mean values of velocity over an interval in
the y-direction the following equations are derived.

W 2 2j/ 2 =(C )mean (CDR "p;) (Yn+l - Yn) (41)

('xv)n+l - (/Vxw)n = (UC/24KlmeanCx - xw)mean(tn+l - tn) (42)

tn+l- tn 2(Yn+l - Y n)/U((-1 )n+i + (/V;W)n) (43)

Xn+l =Xn + U ['-w)n+l + (/ -)..(t.+, - t.)/2 (44)

Equations (36), (38), (39) and (40) are the basic equations of the water
droplet trajectory computer program for droplet travel that is predominately
in the horizontal direction. For droplet travel in the vertical direction
equations (41) through (44) are used. The use of equations for travel either
horizontally or vertically permits the calculation of droplet trajectories
in areas where a fixed interval is not traversed in the selected direction.

The inclusion of gravitational and buoyancy effects on the water droplet
trajectories results in the following modifications to the trajectory
equations. Equation (38) contains the additional term -(g/&wU) ( -1a
(tn+ t) on the right side. Equation (41) must include the term

"(g/w U2)  (fw" -a) (Yn+l " Yn) on the right side.
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6.2.2 Water Droplet Trajectory Computer Program

The water droplet trajectory computer program traces the trajectories
of individual drops across finite incremental distances through the
incompressible potential flow field until they impinge on a surface
or pass out of the area of interest. This program includes ai
velocity components and trajectory routines with appropriate tests
as shown on the following abreviated flow chart and on the detail
flow chart and listing of the appendix.

A droplet size distribution impingement intensity summation routine
was added to the water droplet trajectory program as an option.
This routine was added to provide a more accurate comparison Cof the
program results with experimental data in artificial and natural
icing conditions. The Langmuir "D" droplet size distributLon of
reference 1 was selected and incorporated in the program. Other
droplet distributions could be added with small program changes.
The Langmuir "fl" distribution is as follows.

Liquid water in size group, Average group drop radius/volume
percent mean drop radius

5 0.31
10 0.52
20' 0.71
30 1.00
20 1.37
10 1.74

5 2.22
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6.2.3 Water Droplet 1_xrajectory Co.puter Program Usape

Input for the water droplet trajector-j co,puter program consists of
geometric and potential flow descriptive tables and data cards. The
tables are read first in numerical order from one through nne.
Table arrangement is shown on the following Table inpat 'Fo-rmat.
Symbols used in the Table Input Format are described- as follows.

YiNOG Number of ordinate values in the table W~us
one. (NCTE: 0 is 2. for a -Lngle fn ti-on
table.)

XN Nu.mer of abscissa values in the table plus
one,

Table No. Index number of table.

Y Y2 Yn First, second ... n'th ordinate valueB

:91P X2 . . X n  First, second ... n ' th abscissa valuaes

F(Xi, Yj) Dependent variable value at (Xi, Yj) where i ha
values 1, 2, ... m and j has values 1 2 , n.

The physical orientation of the individual tables is showa on the Water
Droplet Trajectory Computer Program Table Key. A written description
of these tables is as follows.
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Water Droplet Trajectory Computer
Program Table Key

'1

II

s II

Engine __ I
-- Table 4-

XB2 Table 4
-XB3 Table 5

/ . ""- -.- '

Engine _ _ ,,y_

YBl Table 8*
YB2 Table 6*-
YB3 Table 7**

* Table 9 is generated froui Table 8 from the centerbody highlight aft.

* Tables . and 2 are generated from Tables 6 and 7, respectively,
from the cowl highlight aft

i CLz 1' EViEO O A I
CHECK

- .. . -...........
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V
Table Nunber Variable Description

1 Lower cowl surface distance from highlight versus
horizontal distance to right of highlight. A
dummy table is input and the actual values are
generated internally from Table 6 values.
(suP vs. X-XHL)

2 Upper cowl surface distance from highlight versus
horizontal distance to right of highlight. A
dummy table is input and the actual values are
generated internally from Table 7 values.
(SUp vs. X-XfL).

3 Stream function values versus X and Y. This is
the only double function table used and it is
generated by ;he potential flow program. The X and
Y values used are the mesh points ( Y vs. X, Y)

4 First boundary value of X after left hand boundary
at given Y value (XB2 vs. Y).

5 Second boundary value of X after left hand boundary
at given Y value. (XB3 vs. y)

6 First boundary value of Y above lower boundary at
given X value. (YB2 vs. X).

7 Second boundary value of Y above lower boundary
at given X value (YB3 vs. X)

8 L.owest boundary value of Y at given X value. This
is normally an extension of the engine centerline
and the centerbody surface (fBl vs. X)

9 Centerbody surface distance from highlight versus
horizontal distance to right of highlight.

A dummy table is input and the actual values are
generated from table 8 values. (SUP vs. X-XhiL).

After the tables are read into the computer, the input data is called.
These data are arranged on six field 72-column floating decimal cards
as shown on the following Water Droplet Trajectory Computer Program
Input Format. The individual input quantities are described as follows.
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Identification Problem title - used as a heading on printout
and title on machine 1lot.

Tape No. Index number of plotting tape unit (usually 6)

X scale 1 X-scale factor for first curve

Y scale 1 Y-scale factor for first curve

X set 1 Minimum X-value of first curve-inches

Y set 1 Minimum Y-value of first curve-inches

X max 2 Maximum X-value of second curve-iwhes

Y max 2 Maximum Y-value of second curve - inches

X scale 2 X-scale factor for second curve

Y scale 2 Y-scale factor for second curve

X set 2 Minimum X-value of second cuve-inches

Y set 2 Minimum Y-value of second curve-inches

LWC Liquid water content of air-lb/cu. inch

a Droplet radius - ft.

UCO Actual remote free stream velocity - ft/sec

UICO Potential flow remote free stream velocity -

relative

1a Air density - lb/cu. ft.

'Aa Air viscosity - lb/ft. sec.

Xmax Maximum value of X-inches

Ymax Maximum value of Y -inches

Ydrop Initial Y-value for first water droplet-inches

A Yirop Vertical increment between water droplets at
initial X-value - inches

XL InitialX -value for water droplets - inches

X~H1  Centerbody highlight X-value- inches

i zAs-cA'I NO. D3-6961
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YSL Minimum model Y-value-inches

Maximum model Y-value for droplet calculations'.
inches

VXWIN Initial droplet velocity in the X-direction-ft/sec.

VYWIN initial droplet velocity in the Y-direction-ft/sec.

DIRECT Direction of droplet travel key - negative is for
vertical travel and positive indicates horizontal
travel.

RANDOM Random input key - negative is for normal input
(increment Y drop) and positive indicates random
input.

XHL Cowl highlight X-value-inches

YAL Cowl highlight Y-value-inches

ALAMDA Flow field type key - zero indicates plane flow
and one indicates axially symmetric flow.

RESIL Solid particle-surface resilience factor-ratio of
the particle normal velocity after impingement to
the normal velocity before impingement (absolute
values)

Iw Particle density - lb/cu. ft.

Langmr Water droplet distribution summation key -mean
droplet size of Langmuir D distribution if desired,
otherwise input zero.

GRAVTY Gravity and buoyancy effects key - zero if effects
neglected and one to include effects in the
calculations.

LXl Coarse increment of X for calculations-inches

AX2 Fine increment of X for calculations°-inches

XREF1 X-value at change from coarse to fine X-increment-
inches

XREF2 X-value at change from fine to cop'se X-increment-
inches

FAGAZ'AV" NO. D3-6961
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YTRVP1 Lower limit of particle trap - inches.

YTRAP2 Upper limit of particle trap - inches.

XTRAP1 Left limit of particle trap - inches.

XTRAP2 Right limit of particle trap - inches.

TABLE Tables 1, 2 and 9 generation key - calculate
if 1.0 and omit if zero.

"MAF VA NO. D3-6961

REV LTR: [ SECT PAGE 34

E-3033 RI



I II
0 0

VH CtJ

43 4-3 rdI

4. -H

434

rz3 CL ~ 43

;4

H) A

.4 00W~C

~8 ri
V 0 i0

03 x

d0 :

$4 -JC 1- cUi

r-E4 0Q1

A Ii- 9 ) :D) ~

0 :
4

t" C"

!u 0

4-13

oJ:

0.0



V

Output of the water droplet trajectory computer program consists of
tabular print out and a plotting magnetic tape. The tabular print out
includes a listing of the tables and input data, droplet starting
conditions, a step-by-step trajectory record and impingement data.
If a droplet size distribution summation is requested, the results
are printed at the end of each droplet size calculation and at the
completion of the total distribution. The tabular print out includes
the following items.

XNI. X-value at completion of calculation across an
interval. This value is the XN (starting)
value of the next interval - inches.

Ma1 Y-value at completion of calculation across
an interval. This value is the YM (starting)
value of the next interval - inches.

DTW Time interval required for droplet to cross
interval from XNN to iMi. Units of feet at
remote free stream velocity.

CK Drag coefficient parameter, CD Rrel/24

REN Relative Reynolds Number of water droplet to
air, Rrel.

VDX Normalized average horizontal air velocity
between XNN and XNN1.

VDXWN1 Normalized horizontal water droplet velocity
at XNN1.

VDYWN1 Normalized vertical water droplet velocity at
XNN1.

VDY Normalized average vertical air velocity between
XNN and XNNl.

XKT Iteration of mean velocity counter used to

control non-converging solutions.

DIRECT Direction of droplet travel key.

WATRAT Rate of water impingement between last two drops,
lb/Min-sq. in.

AVS Average surface distance from highlight for impinge-
ment of last two droplets - inches.

XP X-value at droplet impingement - inches.
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'YP Y-value at droplet impingement - inches.

WATER Water contained in area between starting points
of last two droplets lb/sec.- in.of depth.
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7.0 RESULTS AND DISCUSSION

Comparison of the computer program results with theoretical and NACA
analytical and test data for program verification is shown on Figures 1
through 8. Figures 1, 2 and 3 verify the accuracy of the potential flow
computer program for both plane and axially-symmetric flow fields.

Stream lines calculated by the updated potential flow computer program
around a cylinder at right angles to a uniform stream (plane flow) are
shown on Figure 1. Theoretical stream line points are shown for com-
parison. This Figure indicates complete agreement between theory and
the program results in the area that would affect water droplet impinge-
ment with a slight variation further from the cylinder.

Figure 2 presents the potential flow stream lines for a sphere in a
uniform stream. These data for the axially-symmetric flow field compare
favorably with the theoretical stream line points and are adequate for
accurate water droplet trajectory calculations.

The surf ae velocity calculated by the potential flow program is compared
to test results (reference 22), on Figure 3 for the front section of an
NACA 651-212, 72 inch chord airfoil. These data show good agreement in
the area of water droplet impingement. Disagreement on the aft section
is due to intentionally abbreviated program input and could be improved
if required.

Figures 4 through 8 verify the accuracy of the water droplet trajectory
program for both plane and axially-symmetric flow fields.

The bounding (tangent) water droplet trajectories calculated by the
contracted computer program and from Figure 2 of NACA report No. 1215
(reference 2), are superimposed on the cylinder-in-a-uniform-stream
potential flow field on Figure 4. These data do not agree but the
differences can probably be attributed to calculation differences. The
NACA data do not consider the effects of gravity on the droplets and the
differential equations of motion were linearized at distances greater than
five radii ahead of the cylinder. The contracted digital computer solu-
tion considers gravitational effects and is computed from 20 radii ahead
of the object. The difference in the bounding trajectory ordinate
values at the origin results in the computer program calculating ten
percent less impinged water than the NACA data indicate.

The water impingement efficiency comparison on the NACA 651-212 airfoil
is shown on Figure 5. These data indicate very good agrecment in curve
shape and near agreement in magnitude between the NACA TN 3839 (refer-
ence 17), test values and the computer program results. A slight differ-
ence in droplet size distribution from the assumed Langmuir "D" distribu-
tion could account for the difference in the curve values.
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The computed water impingement results for the 18 inch diameter sphere
are shown with NACA test and calculated data on Figure 6. The computer
program results for the 14.7 micron volume mean droplet diameter drops
compare with the NACA test results as well as the NACA calculated data
does, but they are on opposite sides. NACA TN 4092 (reference 12)
noted that the accuracy of determining the test droplet size was t 6%
and that this variation would account for the apparent test and calcula-
tion results discrepancy. Refining the calculation increment (shorter
time interval) to provide the most accurate finite difference solution
of the differential equations of motion resulted in a lower water
impingement efficiency. It is believed that the earlier NACA calcula-
tions were not refined as well as the contracted computer program and
therefore were not as accurate.

The computed water impingement intensity on a supersonic engine inlet
is compared to the NACA test results (reference 9) on Figures 7 and 8.
The centerbody impingement intensity shown on Figure 7 indicates
excellent agreement between the test and calculated data. These results
show that the computer program provides an accurate determination of
the water impingement intensity on an axially-symmetric model when the
proper inputs are supplied.

Figure 8 illustrates the more difficult comparison of test and calculated
impingement on the supersonic inlet cowl. These data show very good
agreement in both magnitude and location. The computed results would
definitely provide an adequate design solution.

Machine plotting results are illustrated by Figure 9 for the potential
flow program and on Figures 10 and 11 for the water droplet trajectory
program.
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8.0 SMBOLS AND M MICES

8.1 Symbols

Symbol Description

a water droplet radius

c constant of integration

CD  Drag Coefitcient

D Drag- lb.

F Force, lb.

8 Gravitational acceleration, 32.174 ft/sec.-sec.

k Proportionality c6nstant between air velocity
and stream function that is eliminated by
arbitrary stream function values.

K inertia parameter, 2 io a J9,Aa, ft.

r radius, in.

R Reynolds Number

time, sec.

U free stream velocity, ft/sec.

U Co potential flow free stream velocity

'1< local velocity, ft/sec.

,1 normalized local velocity, /Y1/U

x horizontal distance, inch

y vertical distance, inch

IA viscosity lb/ft.-sec.

P density - lb/cu. ft.

)stream function, relative

iA'WY" NO. D3-6961
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Subscripts

a air

i inside

ic inside cowl

1 left

N value at current coordinate location

N + 1 value at next coordinate location

o outside

oc outside cowl

ocb outside centerbody

r right

rel relative

w water or water droplet

x in horizonat! direction

y in vertical (or radial) direction

remote
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9.0 PLATES

Figure 1 Potential Flow Field for Cylinder

Figure 2 Potential Flow Field for Sphere

Figure 3 NACA 651-212 Airfoil Surface Velocity, 40 Angle of Attack

Figure 4 Water Droplet Trajectory Comparison on Cylinder

Figure 5 NACA 651-212 Airfoil Water Impingement, 40 Angle of Attack

Figure 6 NACA TN 4092 Sphere Water Impingement

Figure 7 Supersonic Nose Inlet Centerbody Water Impingement Comparison

Figure 8 Supersonic Nose Inlet Cowl Water Impingement Comparison

Figure 9 Potential Flow Field for 18 inch Diameter Sphere

Figure 10 Water Droplet T, ajectories - 5.77 Micron Drop

Figure 11 Water Droplet Trajectories - 18.6 Micron Drop
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10.*0 APPENDICES

10.1 Appendix 1 Potential-Flow Computer Program Flow Chart
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SUBROUTINE INPUT

V:O
CSCH=O

T=O AX Y'
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NDY=NYR+l
NDYC=NDY
NKXV=NDY+NYR
NKXVC=NKXV
NDX=NKXV+NXC*
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SUBROUTINE SEIARCH'

STA~*
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WRITE "PROGRAM LEFT j
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.15tcTC WAMAIN

DIMENSION Bfl.Y(18000bSLINES(30)
COMMON BtNXC.ONYRNKXVGtNKYVCNDXCNOYC ,NCFrCTNBETACtKJIB1I*#S, 1STi
I1N :HTWOONEKTW0K, i, P4JJN# IKJKIJJIK IJlKi!TNDXNOYNFUNCTY, '
2SLHIJEStHIH2,TK1 ,TK2,NBlNB2,NB3iNB4,NCI ,NC2,NC31 NZ"4,NiNZUOul, 0
3U3,UZ,'e-4, IPRNNRSDUENSL,NSLNCNGRDCNGRDXCNGRDYCvAXYMNGRAO, 0
4NGRACXNGRAOY,LNt,SCHNGtNDERIV, SSRCHNSWPSOMEGACVGSPCONST, 0(
5STREAMKNrRACOE, FGHKlHKl2,Hl2,HK2,BY,8XNKXVINKYVN3, 0
6NLRCALQRSTVWXCYCIHNTAPE 0(

COPMON /VEL/ NGROVC,
COMMON /COM2/ XSCLYSCLPUNCHv ITLEYOYIXL1,XL2,YLIY12,XSCIA#
lYSCLAXLlAtYLlAtXL2ApYL2A
DIMENSION ITLE(24)
REWIND 23

1 DO 10 1-1118000
10 Y(I)0.*

S=16
PUNT = 0. 0C

HEOGE=*75 0(
N&WEEP=2O 0C
FL1M=10. 0

CALL INPUT
902 CALL SEARCH(YOrYl1,XKl) 0(

C THIS ROUTINE ALSO FINDS ERRORS IN THE INPUT DATA,GENERATES THE 0
C COEFFICIENTS OF THE DIFFERENCE ANALOGUE, AND ENFOFCES DERIVATIVES. 0C

IF(KNrR)40#907t40
907 CALL SWEEP(PUNTtNSWEEPtHEDGEtFLIM) 0

CALL SEARCH(YOYlXtKl)
CALL VELOC

CALL SEARCH (YOtYlXPK1)
CALL LINES

40 STOP
END

D3-6961
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$LSFTC WALNKIr
SUBROUTINE INPUT
011FENSLON Yi18Q0O~hSLINE5l(3O)tX(6)
COM~MON BNXCt.NYR,; NKXVC9NKYVCADXCNDYCtNCFCTNBErACtKJBITStIST,
1H-ONE ,.H-TWOONEKTWOK, i ,lNJJN, IKJt.KiJ4J1KJJK,.ITNDXNDYtNFUNCTY,. o
2Sr-LINESHlH2,.TKli,.TK2,NBI ,NB2,NB3,NB4,NCI ,NC2,NC3,NC4,Nl,N2,UO,Ul, 0C
3IU3tUZU4, iPRIN.,RSDUEtNSLNSLNCNGRCtNGRDXCtNGRYCtAXY'MNGRAD# 0C
4NGRAOXNGRADYLN,-CSCHNGNDER1V, SSRCH,NSWPSOMEGACVGStCONSI4  o
5STREAI',KNTRACtOEFGtH-K,HKI2,H2HKBYBXNKXVNKYVN3, (
6NLRCALtORSpTtVWtXCYC, IHNTAPE
COi*'ON /COM2/ XSCLYSCLPUNCHt ITLEPrOYIXLIX12tYLltYL2,XSCLA,
lYSCLAoXLIArYLlAtXI2AYL2A
COMM1ON /VEL/ NGROVC
DIMENSION ITIE(24)

501 FORMAT (6El2.6X
502 FORMAT (6112)
503 FORMAT (12A61.
600 FORMAT (7H AXYM =F2.0tllXt7HNERVI2'v 1OXt5HXSCI=F8*3t4X95HYSCLX

1F8.3/ 7H1 NSWPS=I69 7X,.7HYO =F8.3t 4X#5HXL1 zF8*3,4X,5l1Y11 =
2F8.3/ 7H1 CVGS =F9.7# 4X,7HVI zF8*3t 4Xt5HXL2 =F8*3,4Xt5HY12
3F8.3/ 7H PUNCH=F2.O,30X,6HXSCLA=F7.3t4X,.6HYSCLA=F7.3/
4 39X,5HXLIA=F8.3, 'X,5HYLlA=F8. '/ 39X5HX12A=F8*3t4X#
55HYL2A=F8*3//)

610 FORMAT(lHl,.12A6/1X,12A6//N)I
XSCLAft0.

2 Atl. 0C

CSCH=0*
N 2,= 0O0
TcO, 0
C1l.0l
CONSTkI.
C14EGAtl,37
STREAM = 0. 0
RUN 0.e (
DUM120O 0
READ 15,503) ITIE
WRITE (6,610) I:'TLE
READ (5t501) AXYMCVGS#ANSWPStPUNCH
N SW PScA NSWPS
READ (59501) ANDERVtY0,*Yl
NOES IV=ANOERV
READ (59501) XSCLtYSCLPXL1 ,XL2#YLltY12
READ (5,501) XSCLA,.YSCLAXLlAtXL2AYLlAVL2A
IF CAXYM.EQ.1.1 STREAMi-l.
,IF (AXYM.EQ.1j; CONSTxO.

900 CALL CHECK 0
-IF (KNTR.NE.01 STOP
WRITE (6*600). AXYMNDERIVXSCLYSCL ,NSWPS,.YOXL1 ,YLI CVGSYl,.XL2,
lYL1,PUNCHvXSCLAt YSCLAv XLlAYLlAv XL2AoYL2A

42 RETUR~N
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r O END
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SIBFTC WACH-CK
SUBROUTINE CHECK 0

0! C THIS ROUTINE READS COORDINATE INPUT, CHECKS FOR ERRORSANO PRINTS
0. C COORDINATE INPUT*

DIMENSION B(1),Y(18OOO)tSLINES(3O?
COMMON BPNXCtNYRNKXVCNKYVCNDXCtNDYCNCFCTNBETACtKJBITS, 1ST, 0
LHONEHTWOONEKTWOK, iINJJNIj(JKIJJIK9IJKITNDXNDYNFUNCTY, 0
2SLINESHIH2,TK1,TK2,NBl,4B2,NB3,NB4,NClNC2,NC3,NC4,N1,N2,u0,U1, 0
3OU3tU2',U4, PRINtNRSDUE,4SLNSLNCNGRDCNGRDXC,NGRDYCAXYMtNGRAD, 0
4NGRADXNGPADYtLNCSCHNGEXTRAP, SSRCHNSWPS,OME-SACVGSCONST, 0
5STREAMIKNTRtAC, DEFGHKltHK12tH12,HK2,BY,8XNKXVNKYVN3, 0
6P,Q,RtS,TV,WtXC#YC, IHNTAPE 0
COMMON /VEL/ NGROVC

227 FORMAT (4H Yl=Fl2.5/61H CHECK THE INPUT DATA CARD WHICH HAS THIS Y
X AS ITS FIRST TERM/47H EITHER THE CONSTANT TERM IS NOT DIVISIBLE B
XY 4/55H EXACTLY OR THE BOUNDARY COORDINATES ARE NOT MONOTONIC.//)

228 FORMAT (4H Y1FI12.5/4H Y2-FI2.5/41H THE COOR~DINATE VALUES ARE NOT
XMONOTONIC.//)

501 FORMAT (6E12*6)
599 FORMAT (IHI)
600 FORMAT (67H COORDINATES AND FUNCTION VALUES FOR BOUNDARY POINTS ON

1 MESH ROWS //8KtlHY,13XIHN,13X,1HX,12X,6HF(XY),IOXIHX11X6H-(
2X#Y)/'I)

601 FORMAT (68HICOORDINATES A40D FUNCTION VALUES FOR BOUNDARY POINTS ON
I. MESH COLUMNS//8X,1HX,13X, 1HN,13XIHY.I2X,6HF(XY)IOXIHYIIX6F
Z(Xgy)I/)

602 FORMAT (IXt6F14.7tf(29X,4F14*1))
620 FORMAT (iX,6FI4.7)
686 FORMAT tl' #4110)

LINE=z5
KNTR a 0 0
IST=60
I a ISTilo

C Y(I) IS THE LOCATION OF THE FIRST Y INPUT VALUE. 0
NKYV~l 0
N KY V CNK YV 0

C NKYV AND NKXV GIVE THE BEGINNING OF KYV AND KXV 0
C iN Y ARRAY. THESE TWO VECTORS TELL HOW MANY BOUNDARY 0
C VALUES ARE CONNECTED WITH EACH Y AND X COORDINATE* 0

NDY=150
NK XV=300
NDX=450
KNT~l
WRITE (6,600)
IE=1s5
READ (5,501) LYIIR), IR~, JE)
L -YtI+1) 0
Y(NKYVI*L 0.

40 XL=L
IF tAMQD(XL,))240#44,240

240 WRITE (6,227) Y(I)
KNIR 21 0
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46 IN a1-2 0
C LOOP 5 CHECKS MONOTONICITY OF X BOUNDARY COORDINATES 0

DO 5 M 2 1LN*2 0
IF (M.EQ.1) GO TO 52
XM=M+1
IF (Al'O(XM#4s) .NE.. G- TO 52
I 8=J+M+3
IE21B+3
READ 15#501) (YfIR)#IRxIB#IE)

52 IN=J+M-10
IF(Y( IN+4)-Y( 1N42))245,5t5

245 WRITE (6,227) Y(J) 0KNTR m1 0.
5 CONTINUE0

LQ=J*INT(Y(J*1) )+1
WRITE (6#602)CY(L4).p14xJ#IQI
LINEmLINEI.
IF (LINE*LT*25) GO TO 62
LINE-17
WRITE (6t601)

62 MIT=J+L*2 0.
[E=MIT4.5
READ (5t501) (Y(IR)tIR=MITtIE)
IF (Y(MIT+1)*EQ*O.)3 GO TO 285
KNT=KNT+ I
YtNDX)=Y(MIT3-Y(J) 0.

IF(Y(NDX) )243,898 0.
c IF STATEMENT CHECKS MONOTONICITY OF X COORDINATES 0

243 WRITE (6t228) Y(J)tY(MIT) I
KNTR x1 0~

8 NKXV =NKXV + 1. 0
J=MIT 0.

L=Y(JI.) o.
NOX = NOX + 1 3

26 Y(NKXV)=L 0.
GO TO 260

285 NXC=KNT
DO 290 !Q=1,NYR
I PT=NYR+ IQ
Y( [PT)3=Y( IQ+149)

290 CONTINUE
DO 291 IQ=1,NXC
I PT=2*NYR+IQ
Y( IPr)=Y( IQ+299)
IPT=2'NYR*NXC+IQ
Y(~IPT)=Y( jQ+449)

291. CONTINUE
I ST=2*(NXCfNYR) 0
NDY=NYR4l 0
NDYC=NDY 0

C NDYC GIVES LOCATION OF FIRST Y MESH VALUE IN Y ARRAY* 0
NKXV=NDY+NYR 0
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44 IN -L-2 0
C LOOP 16 CHECKS MONOTUNICITY OF Y BOUNDARY COORDINATES 0

DO 16 M=1,LN#2 0
IF (M*EQ.1) GO TO 51~
XMzM+1
IF (AMOD(XM,4*) oNE.O.) GO TO 51
iB=I+M+3
IEzIB+3
READ (5,501) (YIIR)tIR=I8,IE)

51 IN=!M-
IF(Y( IN44)-Y( IN+2))241,16,16 0

241 WRITE (6,227) Y(I)
KNTR a1 0

16 CONTINUE 0
LQ=I+INT(Y( 1+1)1+1
WRITE (6#602)(V(L41LQ)
LINE=LINE+.
IF (LINE.LT.25) GO TO 61
LINE=0
WRITE 16,599)
WRITE (6,600)

61 MIT = +1+20
IE=MIT+5
READ 95,501) (Y(IR)tIRzMlr,!E)
Y(NDV)=YtMIT)-V( 1) 0
IF (Y(MIT41)oEQ,0.) GO TO 280
KNT=KNT+l
IF(Y(NDY) )244,24924 0

C IFISTATEMENT CHECKS MONOT2JNICITY OF V COORDINATES 0
244 WRITE (6,228) V(I)#YVIT)

KNTR A1 0
24 NKYVuNKYV+l

I=MIT 0
L=Y(1+1) 0
NOV NOVY 1

4 Y(NKVV)=1 0
GO TO 40

280 NVR=KNT
KNT4l

J=2*L~l0
KJxJ 0

C Y(KJ! IS THE LOCATION OF THE FIRST X INPUT VALUE. 0
LINE=O
IE=J+5
READ (5950t) (Y(IR)vIRmJpIEl
L=Y(J41) 0
Y(NKXV)=L 0
WRITE (6,601)

260 X121
IF (AMODCXl,4.,))242*46,242

242 WRITE (6,2;27) YtJ)
KNTR a21 0
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NKXVCxNKXV 0. $
NDX=NKXV+NXC 0

NDXC=NDX 0 C
C NDXC GIVES LOCATION OF FIRST X MESH VALUE IN Y ARRAY* 0 C

DO 295 1=194000 C

Y( ID)=Y( 1+600)
295 CONTINUE

KJ2KJ-60O+I ST
NCFCT=MI T-600+IST

C Y (NCFCT) IS THE FIRST FUNCTION VALUE LOCATION. 0

NBETACzNCFCT+( NXC*NYR) 0
Y(NBETAC)IS THE FIRST CONSTANT VALUE LOCATION* 0
MK=NXC*NYR
NGROVC=NBETAC
NGR OX=N B ErAC+ MK

* NGROYC=NGROXC+MK *-

NGROC=NGRDYC+MK
* IF (LINE.GT*22) WRITE (61599)

59 RETURN
END 0

C,
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SIBFTC WASRCH
SUBROUTINE SEARCH(YOtYltX,KI)0

C THIS ROUTINE PLACES THE INPUT BOUNDARY VALUES IN THE PSI ARRAY
C WHICH BEGINS WITH Y(NFUNCT). IT CHECKS FOR INCONSISTENCY IN INPUT
C AND CALLS REGION FOR EACH MESH POINT INSIDE THE REGION*

DIMENSION B(I)tY(18000),SLINES(30)
DIMENSION X(6)
COMMON BNXC ,NYRtNKXVCNKYVCNDXCNDYCNCFCTNBETACKJBI TS,1ST, 0
1HONEHTWOONEKTWOK, IINJJNtIKJ,KIJ,JIKIJKIT,NDXNDYNFUNCTY, 0
2SLINESHlH2,TK1,TK2tNB1,N82,NB3,NB4,NCiNC2,NC3,NC4,NlN2,UOUI, 0
3U3,U2oU4, IPRlNNRSDUE#NSLNSL'4CNGRDCYNGRDXCtNGRDYCAXYMtNGRAD, 0
4NGRADXNGRADYLNCSCHNG, IXTRAPSSRCHNSWPSOMEGACVGSCONST, 0
5STREAMKNTRtACDEFGHKlHK1IH12,HK2,BYBXNKXVNKYV.N3t 0
6PtQRStTVPWXCoYC, IHNTAPE 0
COMMON UBDYL8OY 0

225 FORMAT (4H YlzFI2.6/4H Y2xFl2*6156H THE POINT (YlY2) HAS ONE COOR
XDINATE OUTSIDE THE REGION/I

620 FORMAT (UX16F14.7)
621 FORMAT (3124)
625 FORMAT (120H THIS PROBLEM IS TOO BIG, ELIMINATE AS MANY OF THE MES

1H POINTS FOR WHICH PSI VALUES ARE CALCULATED AS THERE ARE OF SUC--
2/26H POINTS TO THE RIGHT OF X=F1497)

626 FORMAT (8Fl2o5)
630 FORMAT (5F15.4)
631 FORMAT (lHll

IF (CONST.EQ.1.)GO TO 8
AzI.
Cal.
DA0O.
G=09
F=0# I

8 BITS--2.**15
UBOYzoo 0
LBDY=0 0
KNTR =o 0
I T=.NBETAC 0.
NKXV=NKXVC-1I 0.
NFUNCT=NCFCT- i 01
NDX=NDXC- 1 0.
J=KJ 0.

C LOOPS 75 AND 76 PERMIT CHECKING POINTS BY COLUMN 0
00 76 NXzINXC 01
NDY=NDYC-1 3
NKYV=NKYVC-1 0'
NKXV=NKiXV+l 0

9 NDX=NDX+l 0.
XCZY(J) 3
I IST+L 0

DO 755 NY=1,NYR
NOY=NDY+ 1 0
NKYV=NKYV+l1 0
NFUNCT -NFUNCT41 0

D)3-6961
Pa ge 120



YC=Y(I) 0.
JNZJ+2 0
IN-gl+2 0
KYVA=Y(NKYV)/4° 0
KYVB = KYVA 0

C LOOPS 10 AND 112 CHECK ALL POINTS BETWEEN BOUNDARY COORDINATES 0
C TO DETERMINE THEIR LOCATION IN THE FIELD 0

DO 10 IS=IKYVA 0
C ENTRY PERMITS TRANFER OF BOUNDARY MESH POINTS TO FUNCTION ARRAY 0

ENTRY=Y(IN+I) 0
IF(Y(IN)-Y(J))1,2,3 0

C Y(IN) IS THE LOCATION OF THE LEFT X BOUNDARY COORDINATE 0
1 ZNTRY=Y(IN+3) 0

lI(Y(IN+?)-Y(J))110,2,? 0
7 KXVA=Y(NKXV)/4 0

KXVB=KXVA 
DO 112 JS=IKXVA 0
ENTRYaY(JN+I) 0
IF(Y(JN)-Y(I))lI,2,33 0

I1 ENTRY=Y(JN+3) 0
IF(Y(JN+2)-Y(I))12.2,13 O'

C SUBROUTINE REGION GENERATES MESH DISTANCES THAT 0
C ARE NOT FOUND IN THE CHECK SUBROUflIE. THESE ARE 0
C THE SHORT DISTANCES TO THE BOUNDARY* 0

13 IF (V) 75,113,75 0'
113 CALL REGION o'

GO TO 75 0
12 KXVB=KXVB-l 0

IF(KXVB) 33,33,112 0
112 JN=JN+4 0
110 KYVB a KYVB-I 0

IF (KYVB) 33#10 0
10 IN=IN+4 0

C Y(JN) IS THE LOCATION OF THE LEFT Y BOUNDARY COORDINATE 0
C IF A POINT IS IN THE FIELD IN THE X-DIRECTION 0
C AND OUT IN THE Y-DIRECTIONP THE ROUTINE GOES 0
C TO LOCATION 750 INDICATING INCORRECT INPUT DATA. 0

3 IF (Y(JN)-Y(1))101,750,333 0
101 IF (Y(JN+2)-Y(1))333,750,750 0
750 WRIE (6t225) YLI),Y(J)

KNTR x-I 0
GO TO 75 0

C MINUS ALL BITS ARE STORED IN COEFFICIENT ARRAY FOR 0
C POINTS WHICH ARE NOT IN THE REGION DEFINED. 0

33 IF (Y(IN)-Y(J))17,750,333 0
171 IF (Y(IN+2)-YiJ))333,750v750 0
333 IF (V) 4001633,632 0
633 Y{IT)=BITS 0

IT=IT + 0'
GO TO 75 0'

400 IF (Y(JN).GT.YCI)) Y(NFUNCT)=Y(JN+1)
IF (YIJN+2).Lr.Y(I)) Y(NFUNCT)=Y(JN+3)
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GO TO 75
632 Y(NFUNCT)=BITS 0

GO TO 75 0
2 IF (V) 75t22,75 0

22 ASSIGN 2222 TO Ll 0
IF (IXTRAP)222#232,222 0

232 CONTINUE
2202 Y(NFUNCT)xENTRY 0

GO TO LI,(2222,75) 0
2222 Y(IT)ABITS 0

IT =IT~l
GO TO 75 0'

C CHECK HERE TO FIND WHERE DERIVATIVES ARE TO BE ENFORCED 0
222 IF (Y(I)-YO)200vl5,200 0'
15 IF (Y(J)-Y(INfl25,232,25 0!
25 IF IYIJ)-YIIN+2))123,232,123 0

200 IF (Y(.I)-Y1)232t321i,232 0
321 KN~1. 0

00 20'1 K=1,KI 0
IF (Y(J)-X(KN))201,232,204 0

204 IF tY(J)-XIKN+1fl206#2329201 0
201 KtJ=KN+2 01
206 UBDY~l* 0'

GD TO 207 0
123 Lf3DY~lo 0
207 CALL REGION 0

ASSIGN 75 TO LL 0,
GO TO 2202 0! -

75 IF (IT.GT.18000) GO TO 320
755 I=I+INT(Y(NKYV))+2 571
76 J-J+INT(Y(NKXV))+2

IF (V.NE.O.) GO TO 540
1-*IST+l
NFuNCT=NCFCT
DO 310 NY=INYR
NHALF =NXC/2
DO 300 MC=1,NHALF
IF (YCNFUNCT).NE.0.)GO TO 300
Y(NFUNCT)zY( 1+3)

300 NFUNCT=NFUNCT+NYR
NHALF=NHALF+l1
DO 305 MC-NHALFtNXC
IF (Y(NFUNCT).NE.0.)GO TO 305
IPNPI=I+INT(Y( 1+1) )+1.
Y(NFUNCT)=Y( IPNPlI)

305 NFUNCr3NFUNCT+NYR
NFUNJCT=NCFCT+NY

310 I=I*INT(YUI+l ))+2
*540 RETURN 0
*320 WRITE (6,625) Y(J)
* STOP

ENO 0
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SIBFTC WAGROS
C THIS ROUTINE GETS PSI VALUES OF THE NEAREST POINTS IN FOUR
c CIRECTIONS FROM THE POINT IN QUESTION AND THE DISTANCES TO fHESE
C POINTS

DIMENSION B(1)iY(18000),SLINES(30)
COP-PON BNXCNYRNKXVCPNKYVCNDXCNDYCNCFt-TNBETACPKJBI rStIST, 0

IHONEHTWOONEKThNOK, I,INJJN, IKJKIJJIK, IJKIITNDX,NDYNl-UNCTY, o

2SL.INESHlH2tTK1 ,TK2,NBlN82,N83,NB4,NCl.NC2,NC3,NC4,NIN2,UOUI,
3U3.U2tU4,IPRIN,NRSDUEtNSLNSLNICPNGRDCtNGRDXCPNGROYCtAXYMNGRAD, 0

4NGRAOXNGRADY,LNCSCH,NGtEXTRAP, SSRCHtNSWPSOMES'ACVGStCONSr, 0

5STREAMrKNTRACDE, FGtHK1,HK12,H12,HK2tBYBXNKXVtNKYVtN3t
6PtQiRSTtVvWXCtYCrIHtNIAPE 0

NI. = NFUNCT+NYR 0: 1
N3=NFUNCT-NYR0.
HONE=Y (NDX)
HrWO=Y(NDX-1) 0

ONEK=Y (NOY) OP
TWOK=Y CNDY- 1)
UO=Y(NFUNCT) :ii
UI=Y(Nl) 0

U2=Y (NFUNCT+l) 0-1
U3=Y(N3) 0

U4=Y CNFUNCT- 1) 0
IJKzvO 0.1
IKJ=O 0-
KIJ=0
JIK=0 -

IF CY(IN)-Y(J)+Y(ND,-l) )51,5lpl50 0
150 HTWO = ()-IN)01

U3=Y( IN+1)
I JK=l 0-

51 IFCY( IN+2)-YCJ)-Y("IDX))15L,52.52 0-
151 HONE = YCIN+2)-Y(J) 0

UI=Y( IN+3) o

IKJ:1 0

52 IF(Y(JN)-Y( I)+YCNOY-1)l53,53, 1520
152 IWOK ='Y(I)-'Y(JN) 0:

U4=Y(JN+l) 0

KIJIlo
53 IF(YCJNi2)-Y( I)-YCNDY))153,540,540 0

153 ONEK Y(JN+2)-Y(t) 0

U2=YCJN+3)
JIK1l 0?

540 RETURN o

END 0

D3-6961
Page 123



SIBFTC WAACDE
SUBROUTINE ACDEFG0
DIMENSION 8(1bY(18OOO)SLINES(30)

I COMMON BNXCNYRNKXVCNKYVCNDXCNDYCNCFCTNBETACtKJBITSIST,
1HONEHTWOONEKTWOK, IINJJNIKJKIJJIKIJK,.IINDXNDYNFUNCTYt 0
2SLINES~l H2,TK1,TK2,NBlNB2,NB3,NB4,NClNC2,NC3,NC4,NlN2,UOUI, 0
31J3,U2,U4, IPRINNRSDUE,.'SLNSL'CNGRDCNGRXCNGRDYCAXYMtNGRAOt 0

* 4NGRADXNGRADY,LNtCSCNJGEXTRAP, SSRCHNSWPSOMESoACVGSCONSTt 0
* 5STREAMIKNTRtA,C,D, E, FGHKlHKl2,Hl2,HK2,BYBXNKXVtNKYVtN3s 0
*6NLRCALQRS,T,VWXCYCIIH,NTAPE 0
*IF (AXYM) 1#2#1 0

1 I IF (Y(I)) 3#493 0
4C=2. 0
2 Ex- 0.

GOTO T
3 E=STREAM/Y(II 0

I7 RETURN 0
END0
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SIBFTC WACNST
'CNSTNT SUBROUTINE FOR CALCULATING CONSTANTS OF DIFFFERENCE EQUATIONS 0

SUBROUTINE CNSTNT 0
c THIS ROUTINE CALCULAtES THE WEIGHTS TO BE GIVEN THE PSI VALUES OF

*C THE FOUR SURROUNDING POINTS IN THE RELAXATION. THESE CONSTANTS ARE
C STORED BY SEARCH IN THE ARRAY THAT BEGINS WITH Y(NBETAC)o

DIMENSION B(l)tY(18000)*SLINES(30)
COMMON BNXC,NYR,NKXVCNKYVC,'NDXCNDYC,NCFCT,NBETACKJBI TS, STt 0
1HONEHTWOONEKTWOK, IINJJNtH(JKIJJIKtIJKITNDXNDYNFUNCTY, 0
2SLINESpH1,H2,TKlrK2,NBINB2,NB3,NB4,NC1 ,NC2,NC3,NC4PNlN2,UOUI, ()
3U3,U2,J4, IPRINtNRSDUE,'JSLtNSLtNCNGRDCNGRDXCNGRDYC, AXYMNGRADI 0
4NGRADKNGRADY,LNCSCHNG, IXTRAP,SSACHtNSWPSOMEGA,CVGStCONST, 0
5STREAMKNTR,A,CDE, FGHKltHKI2,H12.HK2,BYBXNKXVtNKYVN3, 0
6PIQRSTtV,W,XCYC, IH#NTAPE 0

COMMON UBDY,LBOY 0
C THE CONSTANTS IKJJIKIJKtKIJ ARE SET EQUAL TO I IF LESS THAN A 0
C MESH DISTANCE AWAY FROM A BOUNDARY POINT.IN THIS CASE THE FUNCTION 0
C VALUE AT THE 0
C BOUNDARY IS INCLUDED IN THE CONSTANT TERM Y(IT+4), AND THE 0
C CORRESPONDING CONSTANT TERM IS SET EQUAL TO ZERO& 0

222 BA=(HTWO.D+2.*A)/(HONE*(HJNE+HTWO)) &1
BB=(2. .C+TWOK*E)/(ONEK'fONEK+TWOK)) 0!
BC ( 2.A-HONE*D) /(HTWO* (HJNE+HTWO )) 0
BD0 (2 .*C-ONEK'E )/ICTWOK*ICON4EK+TWOK)) a

* BEz-F+BA+BBi.BC+BD 0
8E=1./BE 0
Y( IT+4)x'-G*BE 0
IF( IKJ)202p201,202 0'

202 BA =BA*Y(IN+71)*BE l
Y(IT)=0. 0
Y( IT+4)8BA+Y( IT*41 0
GO TO 210 0

201 Y(IT)=BA*BE 0:
210 lF(JlK)2041203t204 01
204 B8 = EB*Y(JN+3J&BE 0!

Y( 1T+IlO,
Y( IT+4)=B8+Y( IT+4) 01
GO TO 211 0

203 YUIT+1) =BB*BE 0
211 IF(lJK)206t205,206 0
206 BC=BC*Y(IN+1)*BE 0

Y( IT+2h0.o Of
Y( IT+4)=BC+Y( 1T44) 01
GO TO 2712'0

205 Y(IT.-2)=BCaBE 0
?12 IF(KIJ)208t207,208 0
208 BD=BD*Y(JN+1)*BE 0

Y( IT+3)=O. 0
Y( IT44)xBO+Y( LT+41 0
GO TO 213 0

207 Y(IT+3)zBO*8E 0
c ANY DERIVATIVE ENFORCEMENT BEGINS WITH STATEMENT 213 0
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213 IF (LXTRAP) 217,227,217 0
217 IF (UBDY) 1,2,1

1 Y(!r+3)=Y(IT+3)+Y(IT+l) 0
Y( 1Tfl)=z0.
GO TO 225 0

2 IF (LBDY) 3,227*3 0
3 Y(ITI)=Y(IT+3)+Y(ITtl) 0
Y( IT+3)xO, 0

225 UBDY-0* 0
LBDY=O 0

227 IT=IT+5 0
RETURN 0
END 0
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SIBFTC WASWEP
SUBROUTINE SWEEP( PUNTNSWEEPtHEDGElFIIM) 0
DIMENSION STORE(25) 0r DIMENSION B(1)9Y(18000)#SLINES(30)
COMMON BNXCNYRNKXVCNKYVCsNDXC,NDICNCFCINBETACKJBITS, 1ST, 0
1HONEHTWODNEKTWOK, ItaNJJNtIKJKfJJIKIJKtIrNDX,NDYtNFUNCTYl 0
2SLINE-SH1,H2,TK1,TK2tNB1'lB2,NB3,NB4tNC1,NC2NC3NC4Nv42,UOtUlt 0
3U3,U2,-'U4, IPRINNRSDUENSLtNSLNC',NGRD,-NGROXCNGRDYCAXYMojGRAO, 0
4NGRADXtNGRAQYLNCSCHNGEXTRAP, SSRCHtNSWPSOMEGACVGStCONST# 0
5STREAMKNTRtAC, DE, FtGHKltHKl2,Hl2tHK2,8YtBXNKXVNKYYN3, 0
6PtQRoSTtVtWtXCYC, IHvNTAPE 0
COMMON /VEL/ NGRDVC

253 FORMAT (/13H SWEEP NUI4BERI5, 9H RESIDUE-15.79
110H AT COLUMN, 14t4H ROW;14v25H WITH CONVERGENCE HISTORY//(6F18.6))

255 FORMAT (36HOPROGRAM LEFT SUBROUTINE SWEEP AFTERt18,12H SWEEPS WITH
XF12.6t8H RESIDUE//

686 FORMAT (1X,41101
750 FOIRM AT

WRITE (6,750)

NSWEP l=NSWEEP 0l
WRITE(8) (Y(INM),INMzNBETAC,18000)

316 MK=NXC*NYR 0
N=l 0*

310 0O 311 NNNvI,25 0'
311 STORE(NNN)=0. 0

MN*2 0
00 112 JN1219NSWEPI 0;
IN=IN+. 0*
JNxJN1/2+1 o
MNI 3-MN 0.

204 GOTO(Il,2)tMN 0
1 NBETA=NBETAC 0

NADD-sl 0
NFUNCT=NCFCr 0
GO TO 3 0

2 NBETA=NBErA-1 0
NADD=- 1 0
NFUNCT=NFUNC T- 1 0

3 RSD1=0* 0
DO 12 11=1#NXC 0
DO 12 I=ItNYR 0
lFlY(NBETA)-BITS)4, 10,4 0

4 TEMP=Y(NFUNCTt
GO TO (695)tMN 0.

5 NBErA=NBETA-4 0
6 TEMPI=RELAX(NBETANFUNC'I

IF(U.sEQ.1).OR.II.GE.NYR)) GO TO 601
RSD=TEMPI-TEMP 0

19 RSD=RSD*OMEGA 0.
17 Y(NFUNCT)=TEMP4.RSD 0
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601 GO rO {7t8),MN 0'

7 NBErA=NBETA+4 0l
8 IF(JN-1)9t9t 10 0,
9 IF (RSD1-ABS (RSD)) 99#10,10 0

99 RSD1IABS (RSD)
RSD3=RSD 0
1SD4=RSD3 0
NLOC=NFUNCT 0
NLOC1=NGETA 0
GOIO(20#21) tMN 0.

20 NLOCI=NLOCI-4 0
21 NFU=(NFUNCT-NCFCT+1)/NYR 0.

NFUN=(MFUNCY-NCFCT4'1)-'FU*NYR Ol
IF(NFUN)9?t98*91 0

98 NFUN=NYR 0
97 NFU=NFU+l 0.

10 NBETA=NBETA+NADD 0.
12 NFUNCT=NFUNCT4NADD 0.

400 GOTO(301,112)#MN 0
301 STORE(JN)=Y(NIOC) Ol

GO TO(112#299)tN l
299 IF(JN-2)302,112,303 oij
302 IF(RSD1-CVGS)502,304#304 01
303 IF( (STORE(JN)-STORE(JN-1))/tST0RE(JN-1)STORE(JN-2)fl298,112,112 l298 N=2 o

GOTO 306 0'
304 IEND=NCFCT§'MK

WRITE (8) (Y(IJN)tIJN=NCFCtEND)
318 BACKSPACE 8
112 CONTINUE ol

GO TO(3069320)tN 0,
320 FACT=(STORE(6)-ST0RE(5) )/(STORE(2)-STORE(l)) 0

IF(FACT-.98 )329, 330, 330 0,
329 FACTtl(./UI.-FACT)-1.)*HEDGE+1. 1

FACT=AMlNl( FACT, FLIM) 0
GOTO 3310

330 FACT=FLIM 0.
331 NBErAX=NBETA+1-NCF:Cra

I END=NBETAC+MK
READ (8) (Y(IJN)PIJN=NBETACIENO)

322 NFUNCT=NCFCT 0
NBE TA=NBETAC 0'
DO 321 Ia1,MK 0f
'YNFUNCT)=(Y(NFUNCT)-Y(NBETA))'FACTf-Y(NBETA)0
NFUNCT=NFUNCT+l 0

321 NBETAMN8ETA+l 0.
324 REWIND 8

I END=NF3ETAC4MK
READ (8) iY(IJN)tIJ\NNETACIEND)

306 WRITE (6,253) !NRSD3s NFUtNFUNt(STORE(I)ql21JN)
16 IF( IN-NSWPS!307, 502,502

307 GOTO{308t3O9)#N 0
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308 NSWEPI=NSWEEP 
0$N:*2 0

GOTO 310 0309 NSWEPI1ml 1
N~l 0

GOTO 310 0
502 WRITE (6,255) INIRSD4

DO 105 I=NGROXCtNGROYG
105 Y (I 3w0.
61 RETURN

END 
0
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SIBFTC WAREIX
FUNCTION RELAX(NBNFUNCT) 0
DIMENSION BC l),Y(18000h#SLINES(30)
COMMON BNXCsNyRNKXVC,'4KYVCNDXC4NDYCNCFCINBETAZtKJtBITSIST, 0
IHONEHTtiOONEKTWOKIlN,JN, LKJKIJJIKIJKI~iNDXNDYNFUNCTY, 0
2SLINESI-lH2TKI,K2NBliNB2,NB3,NB4, NCliNC2,NC3tNC4N,'12,UoUI, 0
3U3,U2,U4, IPRIN, NRSDUENSL, NSLNCNGRDCNGROXCNGRDYCAXYM, NGRADt 0
4NGRADX ,NGRADYtLNCSCH'4GEXTRAPSSRCHtNSWPSOME'%'AtCVGSCONSTt 0
5STREAMKNTRtACtDtEFGPHKlHK12,l2,HK2,BYBXNKXVNKYVN3, 0
6PQRSTVrWqXCYC, IH,NTAPE 0
Nl=NFUNCT+NYR 0

* N3=NFUNCT-NYR 0
W6RELAX=Y(Nl).Y(NB)+Y(NFUNCT+t)*Y(Na+i)+YN3)*Y(NB+2.+ 0.
1Y(NFUNCT-1)*Y(NB+3o'Y(NB*4) 0 01
RETURN 0l
END 0'
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SBIFirC WALNK2
SUJBROUTINE VELUC
DIMENSION 8(1J,-Y(18000).,SLINES(3Cf1
COIMON 8,NXC,.NYR,.NKXVCP'KYVCNDXC.NDYC.tNCFCTNETAC,KJ,BITS,IST, 0,
IHONEl-TWOONEKtTWOK, tltJ:Jr4IKJt,KJi!lKIT,NDXNDYNFUNCTY. 0
2SL'ANESHlH21 -TKI ,TK2,*N81,NB2,NB3,NB4,NC1 ,NC2,NC3,NC4,N1,N2,UO.Ul, 0
3U3,U2,U4,IPRLNvNRSDU~,NSLNSLNCtNGRDCtNGRDXCtNGRDYCAXYMNGRA,. o
4NGRADXNGRADYLNP.CSCHINGNDER !VSSRCH.NSWPSONEGA*CVGSCONST. *
5SjREAMKNTR1 A.CO,.EtFGHKs1,HK12,*Hi2,HK2,8YtBXuNKXVtNKYVtN3t 0
6P,QRlS, rtVW'PXC,.YC, HNTAPE *
COMMON /COM2/ XSCL,Y9CLPUNCH, ITLE,YOY1,XLIXLZYLlY12,XSCLA#
lYGCLAtXL IAtYLLAIX12ApYL2A
COMMON /VEL/ NGROVC
DIMENSION I1LE(24)

650 FORMAT (1H'h3Xt2iX:RF14.7//)
651 FORMAT (1IX,lHY,16X,3HPSI,.12X,12HX-DERIVATIVE*6X,12HY-OERIVArivE,

19Xt8HVELCCLTY//)
652 FORMAT (lX,.5F18.7)
686 FORMAT (lK,41101

ZERO=oe
7 vtio o

N2= 1 of
1.12 DO I NN=1,2

NGRACuNGROC o
CALL (CMPGS 0f

I CSCH=CSCH+lo
-) 16 KtNGROYC 0~

J= KJ
NFUNCr=NCFCT
N GR AD XNGRD XC
NGRACY=NGROYC
N GRAD ' N G RD VC
00 250 KP=1,NXC
LINE=O

WRITE (6to5lJ
It!ST*1
00 251 KPX: lt.NYR
-IF~ (YLNGRAX).NE.BITSI GO T'O 200
WR~ITE (6#652t Y(I)sZEROitEROvZERO*ZERU
LINEd. INE*1
19 (LINEGr.52. GO TO 101
GO To 201

200 WRITE (6v~652) Yvl)hY(NFUCrlY(NGRAX),Y(NjRADY)tY(NGRAOV
LiNE=LINE+l
IF (LINE.Gr.52); GO TO 101

201 NFUNCT= *NFUNCTk1

NGRACX=;NGRADX*l
NGRACY=NGRAYr 1

251 NGRACV-,,NGRAUV.+l
250 JkJ+ItNT(Y(J+1))+2
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331 RETURN
101 L[NE-O

VWRITE (6,650) YIJ)
WRITE [6,651)
GO TO 201
END 0f
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SIBFTC WAICMP 
0SUBROUTINE ICHPGS. TCLSGOT NC- THIS ROUTINE IS CALLED TW17E. THE FIRST TIMEITCLS RSIAN

C DERIV FOR INTERIOR POINTS. 11Hi- SEICOND TIME IT CALLS SUBBI AND
C DERIV FOR BOUNDARY 0OINT3*

DIMENSION B1U)vY(li300),SLINES(30) NEAvjtISf~
COMMON BNXCNYRNKXVCNKYVCoNDXCtNOYCNCFCT.NEAJBTtr
1HONEHTWDONEKTWOK1 itINJJNIKJKIJuJ -IKjIJKpITNDXqNDYtNFUNCTvY# 0

2SL [NESHI ,H2,TKlTK2,NBlNB2tNB3,NB4,NClNC2,NC3,NC4,NIN2tUOUl, 0
3U3,U2,U4, IPRINNRSDUEPNSLNSLNCNGRDCNGRDXCtNGRDYCAXYMNGRAD* 0
4NGRADXNGF- -)YeLNCSCHNGEXTRAPtSSRCHNSWPS,QMES'AvCVGSCONSTe 0

0
6P#QtR,SITIV,WXClYC, IHtJH,KH
COMMON /VEL/ NGRDVC

* INITIALIZE ALL SUBSCRIPTS TO PICK UP INFORMATION IN Y ARRAY* 01

*01

NC I aI
N GRAD XxNG R XC- 1
NGP.AOY=NGROYC-1 0f

* NGRADV=NGRDVC-1
NKXV=NKXVC-1 Of

NFUNCT=NCFCT-1 01

*NDX=NDXC-1 04.

J-KJ 0'

*SET L.OOP TO PROGRESS FROM COLUMN TO COLUMN* 0

* 0,
DO 16 NXzlNXC ()

*CHANGE SUBSCRIPTS AFFECTED BY A CHANGE OF COLUMN. 0J

* NDY=NDYC-1o

NKYV=NKYVC- 1 0

NOX=NDX+l 1o0
- I = IST+1 01

NKXW;"IIKXV+t 04

£SET LOOP (0 PROGRESS ALONG A COLUMN. 0-

DO 75 NYItNYR
*CHANGE SUBSCRIPTS AFFECTED BY A CHANGE ALONG A COLUMN 0i

NGR DX=N GR ADX + 1

NGRAOY=NGRADY+ 1 1'

NFUNCT=NFUNCT+l 11
NGRADV-NGRADV+l I
NKYV=NKYV*1 10

NDY=NDY+l 11

*SET SUBSCRIPTS TO FIND BOUNDARY INFORMATION FROM THE INPUT ARRAY.

JN~xJ+2 1
1N=1+2 I
KYVA=Y(NKYV)/4. 1

KYVB a KYVA 1
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* LOOP 10 AND 112 ARE NECESSARY FtR COMPLEX BOUNDARIESo I

00 10 IS=IKYVA I

* LOCATE POSITION OF POINT I4 THE NTIRE SYSTEM*

* THE POINT WILL EITHER BE INTERIOR,EXTERIOR ORBOUNDARY. 3
* I

IF(Y(IN)-Y(J) ) 1,2,3 1
I IF(Y(IN+2)-Y(J))110,22,7 !
7 KXVA=Y(NKXV)/4. I

KXVB=KXVA I
DO 112 JS=lKXVA 1'
IF(Y(JN)-Y( I)) 11,222,3 1

11 IF(Y(JN+2)-Y(I) )12,2222,13

* THE DERIVATIPES FOR INTERIOR POINTS ARE COMPUTED ON THE FIRST SWEEP. I

13 IF (CSCH-1.) 113t75975
113 CALL GRDSTI(NXANYA)

GO TO 90 Fl
12 KXVB=KXVB-1 1

IF (KXVB) 3,3,112 '
- 112 JN=JN+4 3.

110 KYVB a KYVB-1 I
IF (KYVB) 3,3,10 1

10 IN=IN+4 1'
GO TO 75 ii

• THE DERIVATIVES ON BOUNDARIES ARE COMPUTED ON tHE SECOND SWEEP. i

2 NBI1=
GO"TO 202 II

22 NBI:2 1'
GO TO 202 1'

222 NBI=3
GO TO 202 1'

2222 NB1=4 F
202 IF (CSCH-1.) 75,31,75- II

* [,

* SUBROUTINE SUBBI SUPPLIES THE INFORMATION FROM y
WHICH THE BOUNDARY DERIVATIVES ARE COMPUTED.

* It

31 CALL SUBBI(NXANYA) I

*DERIVATIVES ARE COMPUTED USIN4G CENTRALtFORWARD OR BACKWARD DIFFERENCING
* II

90 CALL DERIV (NXANYANXYAABXtBYtG3)
8 1'
* ON RETUIRN FROM DERIVtBX AND BY ARE THE X AND Y DERIVATIVES * 1

Y(NGRAOX)xBX
Y(NGRADY),BY
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Y (RADV I ,G3
GG, Tt) ?A

3 Y(NGRADX)=BIT5
Y(NGRADY)=BIT%

* BITS ARE STORED IN THE X AND Y DERIVATIVE ARRAY FOR EXTRAPOLATION USES
75 I=I+INT(Y(NKYV))+2 1073
76 J=J INT(Y(NKXV))+2
2.6 RETURN

END
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S1BFTC WAGR01
1 SUBROUTINE GRDSTI(NAiNYA)
I ~ DIMENSION B('ihYU8000)vSLINES(30)
I COMMON B,NXCNYR,NKXVCNKYVC,NDXCNDYCNCFCTNBETACKJBITS. 1STI
1 IHONEI-fWDONEK*TWOK, IINJJNIKJKIJJIKIJK,11,NDXtNOYtNFUNCTY,

273 2SLINESHlH2tTKItTK2,NB1,NB2,N83,NB4,NCINC2,NC3,NC4tNIN2,UOUl,
3U3,U2,U4, IPRINNRSDUENSL, NSLNCNGRDCtNGROX,NGRDYCAXYMNGRAD,
4NGRADXNGRADYLNCSCHNGrEXTRAP, SSRCHNSWPSOMEGACVGS ,CONST,
5SrREAMKNTRA,CDEFG!HK1,HK12,H12,HK2,BY,BXtNKXVtNKYVtN3#
6PQtRtStTtV,WtXCrYCII11

NXAIl
NYAIl
NI - NFUNCT+NYR
N3=NFUNCT-NYR
Hl=Y(NDX)-
H2:tY(NDX-1)
TK1=Y(NDY)
TK2=Y (NDY-1)
UO=YINFUNCT)
Ul=Y(NI)
U2=YINFUNCT+1,
U3=Y(N3)
U4sY (NFUNCT-l)
IJK=O
IKJXO

IF (Y( IN)-Y(J)Y(NOX-)5tlv5
Hi0 H Y(I)-Y()
UL=Y( IN+3)

52 IF(Y(JN)-Y()YNY-))15,5, 52
152 HlK = Y(I+)-Y(J)

U4:Y(JN+3)

53 IF(YtJN+2)-Y( I)-Y(NOY)) 153,540,540
153 TKI aY(JN+2)-Y(l)

U2aY(JN+31

) -5L) RETURN
END
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sxaFTC WASUBI
*SUB8I 00 3

SUBROUJTINE SUBBLINXAMNA)
DIMENSION B(1),Y(ISOO0)bSLINES(30)
COMMON BNXCNYR,NKXVCtNKYVCNDXCtNDYCPNCFCTNBET'AC?(J,!T5, 1St
IHONEtHTWOONEKTWOK, [,I'bJJNIIJKIJJIKIJKtITNDXtNU)VThFUNCTY, I

- 2SLINESHl tH2,TK1ITK2,NB1,NB2,N3NB4tNC1,NC2tNC3,NC4N"IN2p"U0,U,
3U3,U2,U4, IPRINNRSDUENSL,NSLNC,NGRDC,NGRDXC,NGRDYC.9 t;YMINGRAot
4NGRADXNGRADYLNtCSCH.NG, EXTRAP, SSRCHNSWPSOMEGACVGSCONS4T,
5STREAMKNTRA,Cs0,EFGtHKItHK1IH12,HiK2,BYBXNKXVNKYVN3, I
6P#QtRStTtVWtXCtYC, IH

301 FORMAT (28H THERE IS GARBAGE IN MEMORY//
" THIS SUBROUTINE FINDS DATA TO COMPUTE DERIVATIVES FOR BOUNDARIES*
" CHOOSE WHICH BOUNDARY IS BEING WOR~KED ON.*

MMM=3
Nl=NFUNCT+NYR
GO TO (12#13v14tl5hvNBI

LEFT BOUNDARIES ARE IN QUESTION*

12 NPxNGRADY+NYR1
* N3=N1+NYR
* UO=Y(IN+1)

UL=Y(NLI)I
* HI=YINOX) 1

NXA2
IF (YtN3)-BITS)30,2tl1

I U3=YLN3)
H2=Y(NDX+1)
GO TO 1O00-

2 U3=Y(IN+3)
H2=ABS (YfJ)-YUIN+2))-HL
GO TO 100

RIGHT BOUNDARIES ARE IN QUESTION*

13 NP=NGRAOY-NYR
NXA=31
N 1=NFUNCT-NYR1

* N3=N1-NYR1
U0=Y( IN+3)
Ul=Y(Nl)1

IF (Y(N3)-6ITS)30920,31 1

H2=Y CNDX-2) 1
GO TO 100

20 U3=Y(IN+13
H2=ABS tYtJ)-YUIN))-HI1

*SET UP DATA TO FACILITATE FINDING YIDERIVATIVES 1
100 T5-Y(NOY'-2)
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T6sY(NDY+I)1
U2=YI(NFUNCT4 I )
U6=Y(CNFUNCt+2)
U4=Y(NFUNCT-161
U5=Y( {NFUNCT-2)
TKI=Y(NDY)1
TK2=Y (NDY-l)1

*IS THE BOUNDARY POINT A CORNER OF THE CIRCUMSCRIBED RECTANGULAR REGION

IF(NDYC-NDY) 22#10922
22 IF(NDYC-NDY*NYR-1)23*?,231
23 IF(U2-BITS)30,?,61
6 IF(U4-BITS)30#1O,901

THE BOUNDARY POINT IS A TOP CORNER.

7 IF(U4-SITS)30,811.
11. IFCU5-BITS)30#8r2t.I
21 U2=U41

U4=U5
TKI=TK2
TK2;zTS
NYA=3
GO TO 91

*THE POINT I SA BOTTOM CORNER OF THE RECTANGLE1

10 IF (U2-B[TS)30#8918 1
18 IF (U6-BITS)30,8120 i

120 U4=U6 1
TK2=T6 1
NYA=2
GO TO 9

.A LINEAR EXTRAPOLATION IS MADE WHEN DATA IS INSUFFICIENt.

8 GO TO (112,113t114,115)tNBl 1
112 NP1=NP+NYR

D2=HI 4H2
GO TO 116 1

113 NPL=NP-NYR
Dl=H2
D2=H1+H2

116 NYA=4
BY=Y (NPI)-( O2/Dli) (V(NP 1)-Y( NP )
GO TO 91

114 NPI=NP+l
DIl TK I
D2=TKI+rK2
GO TO 117
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115 NPJ=NP-1
D1xTKIr -- D2=TKI+TK2

117 NXA=4

GO TO 9
14 N3-NFUNCT-?iYR

NYA21
-. UO=Y(JN+1)

U2=Y(NFiJNCT+ll
TK12Y(NDY)
IF (Y(NFUNCT+2)-BITS)30t82#8I

81 U4 =Y(NFUNCT+Z)
TK2=Y(NDY+1) 1
GO TO 1000 1

82 U4=Y(JN+3) 1
TK2=ABS (Y(I)-Y(JN+2))-TKL I

1000 IF(Y(N3)-BITS)3098.3001
300 U3=Y(N3) 1

H2=Y (NDX-1) *

IF (Y(Nl)-BIITS)3098W0
70 UI=Y(NLI 1

HI=Y(NDX) 1
GO TO 911

15 N3=NFUNCT-NYR 14
NYA3 I
UO=Y(JN+3) I.
U2=Y( NFUNCT-1) Is

IF(Y(NFUNCT-2)-BITS)30,42p4l i
41 U4 = Y(NFUNCT-2) I

TK2=Y(NOY-2)
* GO TO 110 i

42 U4=Y(JN+1) 1
rx2=ABS vY(I)-Y(JN))-TK1 1

110 IF (Y(N3)-8ITS)30t)8t43
43 U3=Y(N3) 1

H2=Y(NDX-1) V'
IF (Y(Nl)-BITS)30t8v47

47 Ul=Y(NI)1
Hl=Y(NDX)1

91 NXA~1
GO TO 9

90 NYA-I
GO TO 91

* 30 WRITE (6#301)
* GO TO (81,821MM
* 9 RETURN

ENO1
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$IBFTC WADERV
SUBROUTINE DERIV (NXAt4YAtNXYAAXDERIVYOERIVtG3)

C SUBROUTINE DERIV CALCULATES DERIVATIVES OlF PSI WITH RESPECT TO X
C AND Y, AND VELOCITIES.

COMMON BPNXCNYRNKXVCNKYVCNDXCNDYCNCFCT1 NBETACPKJBITS, [ST,
1HONEHTWOONEKTWOK, IINtJJNtIKJKIJtJIKtIJKITNDXNDYPNFUNCTY, 0!
2SLINESgH1,H2tTK1#TK2,NB1,NB2,NB3,NB4tNCI.NC2,NC3,NC4tNltN2,UGUl, 0.
3U37U2,U4, IPRINNRSDUE,%ISLNSLNCNGRCNGRDXC,.'NGRDYCAXYMNGRADA 0
4NGRADX,NGRADYtLNCSCH'lGNDERIV, SSRCHtNSWPSOI4EGAtCVGSCONST, 0
5STREAMIKNTR, A,C, DEtF,GHKIHK12tHl2,HK2,BYBX,4KXVNKYVN3, 0
6NLRC'ALQRSTtVWXCYCXHNTAPE 0.
DIMENSION Bfl)tY(18000)tSLINES(30)

600 FORMAT (LX96F14.6)
* IF NXA=l THE X-DERIVATIVE IS FOUND BY CENTRAL DIFFERENCING I
* IF NXA=2 THE X-DERIVATIVE IS FOUND BY FORWARD DIFFERENCING I
* IF NXA=3 THE X-DERIVATIVE IS FOUND BY BACKWARD DIFFERENCING I
* THE ABOVE CONVENTION HOLDS FOR NYA AND Y-OERIVATIVES
* IF NXA=4 NO X-DERIVATIVE IS FOUND.

FCT=l.
IF (AXYM.EQ.l.) FCT=Y(I)
NO~I I

100 DELIAsI. '
FG-1.
GO TO (392o1,7)#NXA I

1 DELTAA-lo 1
2 H2=HIIH2

FG=-'1.
GX=DELTA*(H2**2*(Ul-UO)+ Hlu*2*(UO-U3))/(Hl*H2.(H2+FG*HI))

4 GO TO (6sl0)tND1

6 XDERIV=GX1
IF (NYA-4) 7,15,1

7 ND=2 1,
NXA=NYA I,
UI=U2

H2=TK2
GO TO 100 1

* G3=GRADIENT#YDERIV=Y ER CROSS OERIVATIVEXDERIV=X-DERIVATIVE 1
10 YDERIV.ZGX
15 CONTINUE

G3=SQRTIUXDERIV/FCT)**2+(YDERIV/FCT)'o2)
13 RETURN

END
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SLBFTC WALNK3
SUBROUTINE LINES
COMMON BtXPNR,.KXC 1V*D~iNYtCCvBEAt~BTvST, i

1HaNEtl-frWaONEKTW0K, LINJJNIKJ,.KIJJIK,.IJKITNDXNDYNFUNCTtY, 1!
2SLI.NESH1 H2t,.TKl1,J)K2,.N3lNB2tNB3,NB4,NC1 ,NC2,NC3,NC4,NI,N2,UO,Ul, 1!
3U3,U2,U4,.IPR1N,-NRSDUE,.NSLtNSLNCNGRDC ,NGRDXCNGRDYCAXYMNGRAD. 1!
4NGRADXtNGRADYLN,*CSCHNGNDER1VSSRCHNSWPS,0MEGA.CVGStCONSTv 1
5.STREA1~KNTRACDEF,.GHKlHK12.l2tHK2,BYBXPNKXVNKYVN3v 1!
6Pi~tStVWXC.YC, IH,.NTAPETITLEI ,NCHAINMONTH I
COM~MON /COM2/ XSCL,.YSCLtPUNCH* ITLEYOYlXLl1.X12,YLIYL2,XSCLA,

IYSC'-LAtXL IAYLIA9'XL2AtYL2A
COM~MON /CGN3/ YMAX
COMION/-RSCOF/ FIRST,*VOtCD
COMM~ON iVE'L/ NGRDVCiA-IR
DIMENSION Y(#16000),SLINES(30)t ITIE(24)
DIMENSION B(li

501 FORM"AT (6E12Z61
686 FORMAT (LX,4110)

2 ILN=O V,!
NNLNSftl

34 IF (ILN.EQ.NNLNS) RETURN
36 READ .(5#501) ANSLt.CSCH#.NNLNSPCO ,VOAIR

IF (CSCH.EQ.2.L NGRDC=NGRDXC
IF (tNLNSi.LT.:1). NNLNS: l
N SIA NSL
READ (5,501) (9LINES( INK), INK~1,N3L)

~12 NSLNCkNGROC
DO 61 NG=lNSL
LNJ=NSLNC 1

Ill N2tt I!
CALL MARC 1

1111 NGRADbNGRDC 1
60 CALL SORT (INr(CSCH)-.),
61 CONTIN'UE
27 ILN=ILN+l 1!

GO TO 34 V
END (
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SIBFTC WASGSC
*SGSRCH

SUBROUTINE SGSRCI4
DIMENSION Y(18000)*SLINES(30)

COMMON BNXCNYRNKXVCNKYVCNDXCNDYCNCFCTNBETACKJ,&ITS, 1ST,

1H-ONEHTWOONEKTWOKI, 1NJJNIKJKIJJIKtIJKtITNDX,NDYINPUNCTY, I

2SLINES,HlH2,TKlTK2,NB1,#IB2tNB3tNB4,NCI.,NC2tNC3tNC4,NlN2vUOUl,
3U3tU2tU4, IPRIN,NRSDUE,NSL,NSLICNGRO'-'NGRDXCNGRDYCAXYMNGRAD, I

4NGRADXtNGRADY,LNCSCH'lG, EXTRAP, SSRCHNSWPSOME ACVGSCONSTv
5STREAMtKNTRtA,CD,E, F,G,HK1,HK12,Hl2,HK2tBYBXtJKXVNKYVN3!p
6PQRtSTtVtWXCtYC, [HN1APE
COMMON IZCOM/ Z
COMMON /LNK5/ NV
COMMON /COM/ U7,W1
COMMON/BDRY/ JB
COMMON/PRSCOF/ FIRSTtVO

600 FORMAT (lXF14.7)
601 FORMAT 148H STORAGE OVERRUN WHILE CALCULATING STREAM LINES
602 FORMAt (IXv5F14*5)

N=NG
IF (CSCH-3.) 57081#82

81. NL=NGRADX+NYR
N3=NGRADX-NYR
UO=Y (NGRADX) I
Ul=Y(N1I)L
U2zY (NGRADX~l)1
U3=Y(N3) 1

U4=Y(NGRADX-1 I

82 Nl=GRAY+NYR '

N~3NGRADY-NYR I

UO=Y(NGRADY) I

Ul=Y(Nl)1
U2=Y(NGRADY+1)
U3=Y(N3I 1

U4=Y (NGRADY-1) i
57 N2=LN

V=0.
IF (KIJ) 84#85t84

84 IF (CSCH-3*) 85,2#2
85 U6=U4

U7-U2
W1=ONEK
W=-T WOK

CALL SUB58 (U69NA)

3 Y(LN4A)=YtJ)
V(LN+2k=YUI)+XC
IF (KLJ.EQ*1.AND.JB.EQ.l) GO TO 31
NV1=NV+,
Y(LNt3)=YtNV)+(Y(NV1)-Y(NV))*XC/W
GO TO 32
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31 W=TWOK
YILN+3)i[W+Wl)i(Y(NV)-Y(NV+1))/WI+Y(NV.1)t32 Y(LN+4)xlo-(Y(LN+3)/VO)**2
~LN=LN+5

2 V=O.
12 Vao. *

IF (CSCI+-3.) 19990
89 IF (JIK) 22*73122
22 W=ONEK

Wl=-TWOK

tJ7zU4
CALL SUB58 (U69N)
IF 'tV) 21#73t2l

21 YtLN*1)=Y(J?
YtLN.*2)=Yf I)+XC
IF (JlK.EQ*.1.ANO.JB.EQ.1) GO TO 40
NV1=NV-i
Y(LN.-3)=YINY)f(Y(NVi)-Y(NV) )'XC/W
GO TO 41

40 W1=TWOK
Y(LN+3)=(W+Wl).(Y(NV)-Y(NV-1))/W+Y(NVi.)

41 YfLt+4h1I.-(Y(LN+3)/VO)**2
LN='LN+5

90 V=O*
73 CONTINUE
58 IF (LN.GTol7983) GO TO 100

RETURM4 2'
100 WRITE (69601)

STOP
E NO

83
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$8TCSWSROUTINE SUJ858 (0i6,N)

DIMENSION Sil)qY!18OO),;SL!NEtf303)
CMON ICom/ U7twl

COMMON /PLOT/' RANK
r~ommo~m 8,NA'CNYRAKXVCNKYVlNDXCNly'2iNCFCTNBErACtKJ,8!TS, 1ST,

iH0!"!.NEHTWOONEKTWKtIJJ'j,!KJKIJijKIJKTNDXNDYNFUNCT 1 ~s
2t-INESiilH-TKTK2NBlB52,NB3N!4NC1NC2NC3NC4iJ1,N2,UOUl,
32U3,U2r-'iJ4, WRINNRSDUr4SLNSLNCNGRC'.NRDXCNGRDYOA.YMtNGRAD,
4.24GRAOXtNGRADYtLNC'SCHPV4GSEXTR'"PSSRC~,NSWPSOMEGACVGStCONSTI
SSTREAMKNTtACDEtFtG,HK1H.(j2eH1ZtHK2eBYBXNKXVtNK%VIN3,
6Pj.!e~?STpVptlXCvYCvlH

YiLN) SL iJES iN)
YfLN!i=RANK

P=jSL .11S ))

IF XMBS!P+Q)LT*A8S(Q-P)) GO TOA 0-I2ESi)
P S LANESMfN
IF (AXYM.EQ-O9O,.*. EQ.%1Lo GO TO 20
XrCp-UO)! pU6/((UUO)4-U))*W+(P-U7)*P-UO)/(CU6-U7)tfU6-

IF (iABS(XC).LT.A8S(W)) GO 1-O 21 -

2 RETURN. 1
END 1922
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SIBFTC WAREGN
SUBROUTINE REGION 0.
DIMENSION B(l)tY!18000)tSLINES(30)
COMMON BNXCNYRNKXVCNKYVCNDXCNDYCNCFCT:NBETACtKJtBI 1SIjSJ 0.
IJONEHTWOtONEK,TWOK, IINJJNIKJKIJJIKIJKITtNOXNDYtNFUNCT,Y, 0,
2SLINErSHIH2,TKI ,TK2,NB1,NB2tNB3,NB4,NC1,NC2,NC3NC4N,N,'JOtUl, 0.
3U3, U2 ,U4,IPRIN NRSDLJENSLNSLNCNGRDC ,NGRDXC ,NGRDYC ,AXYMNGRAD, 0.
4NGRAOXNGRADYtLNCSCHNG, IXTRAPSSRCHNSWPSOMEGACVGSCONSTp 0
5STREAM,KNTRAC, 0,E,FGHK1,HK(12,H1HK2,8YBXNKXVtNKYVtN3, 0
6P,QtRS,T,VtW#XCrYC,IH#NTAPE 0:
COMMON UBDYLBOY o:

226 FORMAT (3N A=Fi2*6/3H CzF12.6/3H E=F12.6/4H Yl=F!1.6/4H Y2zF11.6/5
X3H THE DIFFERENTIAL EQUATION IS NOr ELLIPTIC AT (Y1,Y2)157H IF SUB
'ROUTINE ACDEFG IS USED* OTHERWISE CHECK AtCtAND F.//)

C STATEMENT 112 TO 4 SET MESH VALUES FOR DERIBATIVE ENFORCEMENT 02
IF (IXTRAP) 1129113t112 0

112 IKJ=0 0
KIJ=O 0:
J'IK=0* 0!

IJK=0 o:
HONE=Y(NDK) 0
HTWO=Y(NDX-1) 0

ONEK=Y(CNDY) 0:
TWOK' Y(NDY-l) 0:
IF (UBDY;It12i1 0:

1 ONEK=TWOK 01
GO TO 3

2 IF (LBDY) 4,113,4 0
4 TWOK=ONEK o:

GO TO 3 0
113 CALL GROSTI 0

3 IF (CONSVI 141,149,141 0
C CONSTP AN INPUT VALUE, CONTROLS USAGE OF ACOEFG. o:
C XCtYC ARE X AND Y COORDINATE VALUES. .

149 CALL ACDEFG 0
141 IF (A*C) 147,147,43 0

C STATEMENT 141 CHECKS ELLIPTICITY o:
147 WRITE (3p226) ACtEtY(I)tYfJ)

KNTR =1 0
43 CALL CNSTNT 0

C SUBROUTINE CNSTNT CALCULATES COEFFICIENTS OF DIFFERENCE ANALOGUE 01
75 RETURN0.

END
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SLBFTC WASORT
0. SUBROUTINE SORT(KASE-)

0 ! DIMENSION XT(25Oh#YT(250)
0.: DIMENSION XP(25O)9,YP(25OX

0. DP'.ENSLON TA(4000)
0.DIMENSION TP(91

0. DiMENSION B(l)vYil8000)iSLINE6(30)
0 DIMENSION ITLE(24)tHEA0(2.3)
0: COMMON BNXCr NYR.NK C,.NKYC,NDXCNDYCNICFCTNBETACKJBITS, 1ST,

0. 1I-ONEHTWOONEKTWOK, Ltl4DJJNIKJKIJJIKP.IJKvlTNDXPNDYtNFUNCTY,
2. 2SLINESHlH2,rKl ,TK2.NBliA2,NB3 .NB4,NC1 ,NC2,NC3,NC4,NlN2tUO.Ul,

3U,3,U2,U4,IPR LN,.NRSDUE..NSL.NSLNCNGRDCNGRDXC.NGRDYCAXYMNGRADO.
£NGRACX,.NGRADYL'l,.CSCH,.N,NDERIV, SSRCH,NSWPSOMEGA,CVGS,CONST.
5STREAMKNTR AtC, D,.EF.GHKUHtK2.H2HK2,YBXNKXV.NKYVN3,
6P#QoRiST#VvWtXCiYC91Ht.NTAPE
COMMON/PRSCOF/ FIRSTvVO

3.COMMON /COM2/ XSCLYSCLPUNCH# ITLEY0,Yl,.XL1,XL29.YLIYL2,.XSCLAu
3: IYSCLAXLlAtYL1AtXL2A*YL2A
y COMMON /COM3/ YMAX

EQUIVALENCE (TA(l)t.Y(11O00))
EQUIVALENCE (XT( lb.XP(l) ),(YT(1)t.YP(11)

600 FORMAT (lHl2A6.HF4.7//8XtHX.13X,HY1OX,,8HVE.OCITY,6X,
18HVELOC ITY,6X,8HPRESSURE/47X,5HRATlO,9XLIHCOEFFICIENT/)

620 FORMAT tl%,5FI4.2)
630 FORMAT (lX,.13)
640 FORMAT (tX/IL

'1 700 FORMAT (5EI4,81
1001 FORMAT (5FI4.71

DATA (HEAO(I,1).L1,l2)/6H PSI,6H /9.(HEAD(It.2)qI112)/6HX-D6
XRi,6HVATIVE/,(HEAOUl.3),IsI,12.)/6HY-OERI,6HVATIVE/

* RANK=I.
* LN=LN-5

XLlP=XL1
XL2P=XL2
Yvl1P=YLl
YL2P=YL2
IF (XSCLA.EQ.0.) ISTUPA1
L(NE=0
TP(l)k23,

TP(3)=XSCL
TP(4)=YSCL
TP(5)kO.
TP(6)bO0.
TP(8) '4.
p ( 9 ) tO0.

2 NSTOR =LN*5
11 STOPtO0

5 DO 20 I=NGROCP.LN#5
IF (Yll).NE.RANKI GO TO 20

,10 Y(NSTOR)=Y( 1.)
Y(NSTOR+1):iY( 11)
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-AW YtNSTOR+2);ytt+2)
Y(NSTOR+31=YMti3).
YINST0R+4)-Y( (+4)
NSTOR'uNSTOR+5

20 CONTINUE~
GO TO 23

22 RANK=RANK-IL0
23 NST0RkNSTOR-5

NSTORI=LN+5
41F (NSTOR-NSTORl.LE.6) GO TO 102

46 L(NE':-O.
xLlP=XL1
XL2P=XL2
YLlP=YLI
YL2P=YL2

971 WRITE (6o600.) (HEAO(IKASEbI=1,2)vSLINES(NG3
DO 775 1=;NSTOR1,NST0R#5
IF (Y(t+1J.EQ.Y{I+6)L.AND.Y(14t2).EQ. Y(1+7)) GO TO 775
,VR=Y ( 1-0) /VO
WRI.TE (6,t1001) Y(1-1) Y( 1+2) Y( I-&3) ,VRY( 1+4)
LINE=LtNEk1
4IF (LINIE.LT.50) GO TO 775
LlNE=Q
WRLTE (6,600) tHEADiJtKAS6)tJ=1,2) ,SLINES(NG)

775 CONTINUE
7~2 JtO

00 too i-'iNST0R1*NST0Rt5

100 YP(J)uY~y4+2)
KNTR=Q
00 65 JK.,J
IF (XP(JK) .LT.XLIPOR.XD~'UK)*GT.XL2P.OR.YP (JK).LTYLlP.OR.YP(JK)

XGTYL2P) GO TO 62
GO TO 65

62 XP(JK)=B[TS
K NT R=I( NTrR +

65 CONI*NUE
KT=0
00 68 JK=19J
[F (XP(JK).NE.B[TS) GO TO 68

66 KT=KTii
JKT=JKfiKT
IF (XP(JKT).EQ.BLTS) GO TO 66
00 67 LJ=JKi,J
JKT=LJ+KI
XP(LJ)=XP(JKTI

67 YP(LJ)=YP(JKPI
KT 20

68 CONTINUE
JbJ-KNTR
AJ= J
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TP ( 7) tAJ
IF IIST0P.NE.O)1 GO TO 80
WRITE (8) .)
WRLTE (8) IXPI I)plI1,J).. (YP( I)t, Ltj)
XLt.P=XLlA
XL2P=XL2A
YLlP=YLlA
YL2P=YL2A
I STO~f2
GO TO 12

80 IF (iSTOP.EQd). GO TO 81
TP (3)=XSCLA
TP (4)=Y'SCLA
SP (2)k4.

81 CALL GPLOTS(TtPxptlyR)
R A NK=RANK *1.
GO TO 2

.102 iF (NG.LT.NSLI RETURN
TP( 7) tO
TP(9)=-1.
TPt2)t4*
CALL GPLOTS (TPXPtYP)
lF (ISTOP.NE.21 GO TO 120
REWIND 8
TP (31=XSCL
TP (4)=YSCL
IPI 9) t0,

READ (8) J
READ (8) (XP(MlM1 ,J)t(YP(M).,MU.'J)
TP(7)=J
TPt 2) t4.

101 CALL GPLOTS (TP,XP#YP)-
r P 7 ) O.
TP( 9)t --l.
TPt 2) t4.
CALL GPLOTS (TPtXPtYP)

1.20 CALL REMOVE(23.3)
IF (PUNCH.EQ*"0.) GO TO 99

C0 123 1=2tNYRt
I D=NKYV*I-l

1.23 YI( I )rY( [0)+YT( I-Il);
XT( l)=Y(KJ)
00 124 I=2tNXC
.ID=NKXV41-

124 XTI'I )Y( ID)+XTC [-11)
TAt 1)*l.
TAt 2tNYR+l
tAt 3)tNX'*>1
TA(4)O.
DO 125 IzlNYIt
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125 TA(1t4)=YT(I,tNFUNCT=CC-
JK=NYRi+5
DO 256 IqlpNXC
TA(JK)=Xr( L)
JK=JK+ j
00 255 NQkltNYR
NFUNCT=NFUNCT*1
rA(JK)=Y(NFUNCT)
JK=JK*1

255 CONTINUE
256 CONTINUE

JK=JK-1
WRITE (7t7OO) (rA(x)p~il,3)
WRITE (70700) (rAuI)oI=4*JK)

99 RETURN
'ENO

D3 -6961
Page 149



SIBFTC WAMARK
*MARC1

SUBROUTINE MARC
*THIS SUBROUTINE PERFORMS THE FUNCTION OF SEARCH IN LINK 3.1

DIVENSION B( 1) Y(18000) ,SLINES(30)
COPPON BNXCNYRtNKXVCNKYVCNDXCNDYCNCFCTNBETACKJtBITS, 151,1
1HONEHTWOONEKT6OK, IIINJJN.IKJKIJJIKIJKITNDXtNDYNFUNCTY, I
2SLINEStHl ,H2,TK1,TK2,NBINB2,NB3,NB4,NCliNC2,NC3tNC4,NlN2tJOUI, I
3U3,U2,U4, IPRINNRSDUENSLtNSLNCNGRDCNGRDXCNGROYCAXYMNGRAO,
4NGRADXNGRADYLNCSCHtNG, EXTRAP, SSRCU)iNSWPStOMEGACVGSCONST,
5S fREAVMKNTR, A qCOEt FtGtHKltHK12tH121HK2t BY tBXNKXVPNKYVN3t
6P#QRiSiTtVWtXCvYC, IHsJHKH
COMMON /VEL/ NGRDVC,AIR
COMI'ON/BORY/ JB
COPMON /ZCOM/ Z
COMMON /LNK5/ NV
COMMON /PLOT/ RANK

600 FORMAT (112)
620 FORMAT (IX,6F14*2)

* INITIALIZE ALL SUBSCRIPTS TO PICK UP INFORMATION IN Y ARRAY*

HL=O.0
SRANK=1.O
FLAG=O.O
Z= 0.
LN=NGRDC
NGRACX-zNGRDXC-1I
NGRADY=NGRDYC-.
NV=NGRDVC-1
NKXV=NKXVC- I
NFUNCT=NCFCT-1
NDX=NDXC-1
J=KJ 1

SET LOOP TO PROGRESS FROM COLUMN TO COLUMN*

FST=O.,
DO 76 NX=INXC

*CI-ANGE SUBSCRIPTS AFFECTED BY A CHANGE OF COLUMN.*
RANK=SRANK

NOY=NDYC-1
NKYV=NKYVC-1I
NDX=N0X4 1

NKXV2NKXV+l

*SET LOOP TO PROGRESS ALONG A COLUMN*
DO 75 NY=ItNYR

*CHANGE SUBSCRIPTS AFFECTED BY A CHANGE ALONG A COLUMN

ILN=LN
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NGR AOX=NGRADX+ I
NGRACY=NCRADY+l
NFUNCT=NFUNCT+.
NV=NV41
NKYV=NKYV+.
NDY=NDY+ I

*SET SUBSCRIPTS TO FIND BOUNDARY INFORMATION FROM THE INPUT ARRAY*

JN=J+2

I N=1+2
KYVA=Y(NKYV)/40
KYVB iKYVA

*LCCP 10 AND 112 ARE NECESSARY FOR COMPLEX BOUNDARIES.

DO 10 IS=1,KYVA

*LOCATE POSITION OF POINT IN THE ENTIRE SYSTEM.

*THE POINT WILL EITHER BE INTERIOREXTERIOR ORBOUNDARY.
IF(Y( IN)-Y(J) ) ,80,75

I IF(Y( IN*2)-Y(J) )110,80,7
7 KXVA=Y{NKXV)/4.1

KXVB=KXVA
DO 112 JS=1,KXVA 1

11 IF(Y(JN+2)-Y( I))12975t131
12 KXVB~vKXVB-1

IF (KXVB) 75,75,1121
t12 JN=JN+41
110 KYVB = KYVB-.

IF CKYVB) 75t~75910
10 [N=IN+41
13 CALL GRDST2
14 CALL SGSRCH

IF (LN.GT.ILN) RANK=RANK+lo
1=:0.

75 I=I+INT(Y(NIKYV))+2
IF (RANK.LE,2.0.OR.FST.NE*0.) GO TO 50
IF (FLAG.EQ.1.0) GO TO 60
IF (AIR.NE,.0) GO TO 55

52 FST=1.0

IKK=5.O" C ?.+FLAG)
lOX =FLOAT(CLN )-C10. 0+FLAG 10. 0)
DO 57 IK=1,IKK
K ON T =LN +6-I K

57 Y(KONT)=Y(KONT-5)
Y( IDX)=2,0
GO TO 50
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GO TO 25
6C CONTINUE

IF (RAN~-K.EQ.3.) GO TO 52
SRANK:2 .0
RANK=SRANK
FST=1.0
LF (AIR.LT.1*0) GO TO 74
DO 65 IK=-!2O
KONT=LN+&- [K

65 Y(KONT)=Y(iONT-5)
Y(LN-30)=2*O
Y(LN-25)=3.O
Y(LN-20)= 1.0
Y(LIN-15)=4.0
YtLN-1O)=2.0
Y(LN-5)=3,0
Y(LN)=4.O
LN=LN+5
GO TO 25

74 00 745 IK=1,25
KONT=LN+6-IK

745 Y(KONT)=Y(KUNT-5)
Y(LiN-25)=290
Y(CLN-20)z3.0
Y(LN-15)=4*0
Y(LN-1O)=2.0
YC LN-5)=3.O
Y(LN)=4.O
LN=LN+5
GO TO 25

50 CONTINUE
IF (RANK.NE.4.O) GO TO 25
IF (HL.EQ.l.O) GO TO 25
SRANK=5.O
RANK=SRANK
00 24 lK=191O
KONT=L.N+1 l-[K

24 Y(KONT)=Y(KONT-10)
LNLN+ 10
Y (LN-1O'=R'NK
Y ( LN-5 ) zR A NK+1*0

25 CONrIJ'JE
76 J=J+INCUY(NKXV))+2 1686
26 RETURN
80 1=i0

GO TO 7
E NO
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10.3 Appendix 3 -Water Droplet Trajectory Computer Program Flow Chart
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$IBFTC DRCP
DIMENSION T(7),XPLOT(550),YPLOT(550)tXPLT(3100) gYPLTr(3M0O)
DIMENSION TABI(100),TAB2(l0),TA63( 5C00),TAf34(2O0)*TAi35(2O0)
DIMENSION TAB6(200) ,TAB7(200)
DIMENSION HEADI 12) ,TAI7), iPC~c00)
0IMENSION TL(9)
EXTERNAL GOTHIC
COYMON TA83

C DIMENSION TA86(200)tTAB7(200)
C DIMENSION T(7),XPLOT(200),YPLOT(?00),XPLT12000) ,YPLT(2000)
C DIMENS ION HEADI 12) ,TA( 7), IPC( 100)

DI"ENSION TAB8(100),TA69(100)
INTEGER kEAD
DIMENSION TABIO(500) ,TA811(800)

CDIMENSION TL(9)
REAL MOMDTLANGMR

C COMMON TAB3
C GOTHIC
13CC FfJRMAT(6E12.6)
8787 FORMAT(C4Xt4HiDTW=E 12.4,4X, 5HVOYW=E12.4,4X,7HVDYWNI=EI?.4/4X ,SHVDXW:

12.4,4XVHVDXWN1=EI2.44X3HAKE12.4/4X,3HCK=E&2.4,4X,4HREN=EI2.4
2,4Xt6HREINF=I2.4/4X,4HVDX=E12.4,4X,4HVDY El2.4,4X,3HlVX=El2.4/4X,
3 3 HV Y=E12. 4)

1240 FORMAT(4Xt7HWATRAT=E20.8,7X,4HAVS=E20.8/4Xt3HXP=E20.8 ,1 X,3HYP=E2O
1.8 ,9X,5HWATER F 14.6)
DIMENSION Y( 1503 ,X( 150)

600 FORMAT (6E 13.5)
601 FORMAT (IX)
603 FORMAT (lX,4F14.5)
604 FOPPATI/4H XP=F1?.6/5H XNI=F1I.6/)
61C FORMAT (9H AHLSTEDT)
630 FORMAT (IX,2HR=F12.6//6X3HAVS,1X6HWARAT//1F4.6,,2Xt,16))
635 FORMAT (///6X93HAVS,11X,6HCUMWAT//(FI4.6,2X,F14.6))
640 FORVAT (lXt6F14.6)
650 F0Rt'AT (IX,8F9.3)
660 FORMAT (17H PARTICLE TRAPPED)
661 FORMAT (18H TOO MANY POINTS iN PLOT OF WHOLE AREA)
662 FOR'AT (40H TOO MANY POINTS IN RESTRICTED AREA PLOT)
670 FORMAT (8H1TABLE 1/33H X=0ISTANCE TO RIGHT OF HIGHLIGHr/45H Y=LOWE

XR CCWL SURFACE DISTANCE FROM HIGHLIGHT//lOXtlHX,20X?lHY/)
671 FORMAT !8 TABLE 2/33H X=DISTANCE TO RIGHT OF HIGHLIGHT/46H Y=UPPE

XR COWL SURFACE DISTANCE FROM HIGHLIGHT//lOXtlHX,2OXt4HY/)
605 FCY'Ar( IX////)
673 FORMAT (8H TAi\LE 4/34H X=Y VALUE OF POTENTIAL FLOW FIELD/53H Y=FIR

XST BCUNDARY VALUE OF X AFTER LEFT HAND BO0N)ARY//IX41HXt2OX,lfHY/)
674 FORMAT (8H TABLE 5/34H X=Y VALUE Or POTENTIAL FLOW FIELD/541A Y=SEC

XOND lCUNCARY VALUE OF X AFTER LEFT HAND BOUN[)ARY//IOXIHX,20XOIHY)
675 FORMAT (8H TABlLE 6/34H X=X VALUE OF POTENTIAL FLIU4 FIELD/50l Y=PIR

XST qOUNDARY VALUE OF Y ABOVE LOWER BOUNOARY//l0XIHAX,20X,1HY/)
b76 FORMAT (8H TABLE 7/34H X=X VALUE OF POTENTIAL FLOW rIELD/50H Y=SEC

XONI) BCUNDARY VALUE OF Y ABOVE LOWER B0UNDARY//l0XlHX,20X.HY/)
677 FORMAT (8H TABLE 8/34H X=X VALUE OF POTENTIAL FLUW FIELO/4111 CENTE

1)3-6961
Page 207



XRLINE OR LOWEST BOUNDARY VALUE OF Y'/IOX1HX2X1IY)
o78 FORIPAT (8H TABLF 9/39H X=DISTANCE FO RIGHT OF HIGHLIGHT (XHL)/63H

IY=CENTERBOOY SURFACE DISTANCE FROM' CENTERBODY HIGHLIGHT (XHL1)//10
2XflHX,2OXvlHY)

680 FOR!'AT (lOXtFlO.5,lOXF1O.5)
31C0 FORvATiI2A6)
3101 FORPAT(IHL,12A6)
31(:2 FORPAT(1h0,1OX4hALWC17X1HR14X4HIJINF13X5HUPINF16X2HPA16X2HWA;
3104 FORMAT (IHO, 11X,3 HYSL,15X,3HYS,13X,5HVXWIN,13X,5HVYWlN,13X,

16!-DIRECr, 13Xt6HRANOOM)
3105 F13RPAT (lHCllX,3PXHL,j5X,3HYHL,12X,6HALAMDA,13X,5HRESILI-94Xt4HRHO.

XW, 12Xl6HLANGMR)
3165 FORYAT (IHO,9X,5HREINF,16Xr2HAK)
3106 FORPAT (lXv6(E15.7t3X))
3107 FOR:'AT(IHO)
3108 FORMAT (lH0,l0X,4HXMAX,14X.l4HYMAX,3Xt5HYDROP,12X,6HDELYDP,16X,

12HXL, 14Xt4HXHL1)
31.09 FOPAT (2X,4HXNNlSX,4HYMNI,6X,HTW6X2HCKIX3RE'J9X,3HV)X,

17Xt6HVDXWNl,6Xt6HVDYWNl,8X,3HVDY,6X,3HXKT,3Xt6HDIRECT)
311C FORM'AT C lH tF7.3,FlO.4,IXF8.5,lIE8.l ,lXE1I.3,IXtEl1.3,IXE!1.3,

lIX ,L 1.3, IX, El1.3, X, 3F5. 1)
3111 FCQqAT(8HOVDYWM =E12.4#5X7HVOXWM =E12.4)
3112 FORv'AT (6EI2 46)
3113 F0- PAT (5E14.6)
3114 FO~vAT (l1HO,8X,6HGRAVTY,13X,5HDELXl,13X,5HDELX2,13Xt5HXREF1,13X,

I5HXREF2)
3115 FORV"AT (IHO,8X,6HiYTRAP1,12X,6HYTRAP2,12Xt6HXrRAPI,12X,6HXTRAP2,12X

X ,5HrABLE)
O.ATA IBLANK/6H/
L A N GR=0.
RE.41NC 23
WRITE (23,610)
1 0=0
G0 2009 1=1#800,2
FILL=FLOAT( 1-1)/9.-30.

2CC'-- TA8II(I)=FILL
BCU'%CE=0.0

2001 CALL RENTRY (N)
IF Pi.NE.O) GO TO 6041

?CCO CONhTINUE
C LL REJAOVE (23,3)
TL(2) =0.0
TL(5) = 10.0
TL(9) =-1.0
GO TO 2004

6041 X55=x55
2003 TAM? ID1

IF(IC -2)3394,3394,3393

3393 CALL MPLOTS(TAXPLOrYPLOT)
3394 TAM'?= 0.0

TL(Il TAMI)
TL(3)= .3/TA13)
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TL(4) = I/TA(4)
TL(5) = 5/TA(3)CTI (6)= T()./A4
TLM7 = TA(5) +- 2.25/rA(3)
CALL ALPHA(TLifHEAO,72pGOTHIC)
CALL MPLOTS(rAtXPLortYPLor)
fll) =TA(1)
T(2) = TAM2
IF(JP )3396, 3396t3395

3395 Ip = Ip + I
IPC(IP) =JP

3396 IFUIP)2002p2002,3397
3397 IPA =1

DO 3398 11Ipp
J = IPC(I)

CALL MPLOTS(rtXPLr(IPA)PYPL(IPA))
3398 IPA = IPA + J

TL(3) =.3/T(3)
rL(4) = 7/T(4)
TL(5)=.5T3
TL(6) =1T6) - .5/T(4)
TL(7 = T(5) + 2.25/T(3)
CALL ALPHA(rLtHEAO,72,GOrHIC)
TM7 = 0
CALL MPLOTS(TPXPLrYPLT)
IF (LANGMR.GT.O.) GO TO 2005
GO TO 2002

?0C4 READ (5,3112) (TABI(J)tJ=l,3)
IA=TAr3(1)*rAol(2)*TABI(3)f3.0
REAC (5,3112) (TARl(J)tJ=4,IA)
READ (5,31 12)(TA82fJ),J=l,3)
1 A= TA 112( 1) *r 31822)*rA82( 3) +3,,
REAG (5,3112) (TAB2(J)tJ=4,IA)
REAC (5, 3113) (TA83(J) ,J=1,3)
IA=rAB3(1)*rA83c2)*rAB3(3)+

3.o
REAC (5,3113) (TAB3(J),J=4rIA)
RFAC (5,3112) (TAR4(J)pJ=1,3)
IA=rA84(1)*rAr34c2,*TAB4(3)+3.0
REAC (5,3112) !TA84(J)tJ=4,1A)
REAG (5,3112) (TAB5(J),J=1,3)
IA= TA85 (1)*TA85( 2) *rAB5( 3) +3.0
REAC (5,3112) (TACS#!)tJ=4tlA)
READ (5,3112) (TAB6(J)pJ=lp3)

READ (5,3112) (TA16(J),J=4,IA)
REAC (5,3112) (rAB(J),J=1,3)
IA=rA87(1)*TAB7(2)*rAB7(3)s.

3.o
RE C (5,3112)fTAO7(J),J=4, A)
REAC (5,3112) (TAB8(J) ,J=1,3)
IA=TA88( 1) *TAB8( 2) *TAB8( 3)3
REAC (5,3112)(TAt38(J)pj=4, IA)
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REAiC (5,3112) (TAB9(J),J=l,3)
[A=TA39(1)*TAS9(?)*TAR9(3l-3.0
READ (5,3112)(TA89(J,4, A)

2002 IF (R.NE.LANGlYR.AJD0.LANGMR.NE.0.) GO TO 2005
REAC (503100) HEAD
IF (lEAC(l).EQ'.IBLANK) GO TO 2004
REAl) (5, 1000) (TA( I), 1=1,6)
REAl) (5, 1000) (TI I),196)
TA( 1)=-23.
REAl) (5t 1000) ALWCtRUI-NFUPINFtPAWA.
REAl) (5,1000) XVAXYMAX,YDROP,DELYDPtXL#XH11
REAl) (5t1000) YSLYS~i'VXWINVYWINDIRECTRANDCM
RE'AC (5, ICQO) XHLYHLtAL4MDARES[LRHOWLANGMR
REAl) (591000) GURAVTYtl)ELXIOELX2,XREF1,XREF2
READ (5*1000) YTRAPlYTRAP2tXTRAPlXTRAP2,IABLE
SYOROP=YDROP
IBEV 1
NK=O
KL=0
IF (LANGMR.NE.0.) R=LANGMR
00 2007 1=200,t2

2007 rABIl(I)=0.

2C05 REINF=2.0*R*PA*UINF/WA
IF (fABLE .EG.0.0) GO TO 6055
TABI(I )=l.
TABI (2) =2.
TA1 .3)=100.
TA91I.(4) :Q,

TA15) =0.

00 701 1=6P100,2
ICI IF (lA86(H).GE.XiHL) GO TO 702
102 NK6=1-1
703 NK=N4K+l

N K6= :JK 6+ 1
rABIINK) =TAB6(NK6)-XHL
NK=*qK+ 1
NK6=NK6+ 1
IF (TABJ(NK-1).CQ,0.) GO TO 705
TA'l(NK)=AB1(Nr-2)+SRT((A86(NK6-1)-TAB6(K6-3))*2+(AB6h1K6)-

XTM36(NJK6-2) )*2)
IF (rAB6td\K6-1).LT.Xt'AX-.C01) GO TO 703
GO rc 706

7C5 rABI(NK)=0.
GO TO 703

NK= (NK-3 )/2
TABJ1(3 )=NK
TAB2( 2)=2.
TAn2( 3) =100,
T '! ? (4 0O.
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TA82( 5) =0.
NK=5
CO 710 1=61100,2

710 IF (TA87(l),GE.XhiL) GO TO 712
712 NK7=j-l
713 NKNK'i

NK7=NK7+1
TAEI2(NK )=TAB7 (NK7 )-XHL
N K =,"I K + I
NK7=NK7+1
IF (TA82(,NK-1).fc.Q.O.) GO TO 715
TA82(NK)=TAB2(N4K-2)+K.QRT(UTAB7(NK7-l)-TAB7(NK7-3))**2+(TAB7(NKT)-
YTABY '?iNK7-2) ) **2)
IF (1AB7(NK7-1).LI.XI'AX-.000j) GO 10 713
GC TO 716

715 TAB2(,NK)=O.
GO TO 713

716 r489(I)=1.
TA89( 21=2.
ITA 89 13) =50
NK=(.NK-3)/2
TAM32=3NK
SA 89 14)=0.
fA89( 5)=0.
U= 5
CO 720 1=7p5092

720 IF (TAB8(I).GT.0.) GO TO 722
722 NKB=1-4

XHLCB=TABB( 1-3)
723 NK=NK+l

NK8=,NK8+1
TAB9(NK)=TAB8(NK8 )-X)'L
N K =N K + I
'tK 8 =N K8 +1
IF (NK.EQ.7) GO rO 725
TA3(NK)=TA39(-NK-2)+SQRr((TAB8(NK8-1)-rAB8(NJK8-3))**21-(rA8(NK8)-

XTAd3(NK8-2) )*.2)
IF (TA38(NK8-l).LT.XN'AX-.000j) GO TO0723
GO TO 726

725 TAB9(NK)=U.
GO rc 723

726 14K(NK-3)/12
TA-i) 9( 3) =11K

1,055 IA=rA86( 1)*TAB6(2)*TAB6(3)
WRITE (6,670)

,.ABICI) *1ABJ( 2) *TAB1(3) +3.0
4R~iIFJ (6,680) C IARLII), 1=6, IA)
W R ITIE(6,605)
,RITE (6,671)
IA=TA82( 1) .TAB2( 2) *1AB2(3) 43&0
'AIrE(6,680) (TAB2C I) ,=6, IA)
WRITE(6t605)
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wqi rE(6,673)
IA8A4( U rA84( 2) .TAB4 (3) +3.0
.iRITE (6,680) (rAR4(I),1=6aIA)
WRITE (6,605)
wiRiTE (6,674)
IAZ A65( 1).TA85( 2) TA85( 3) +3.0
wRITE (6,680) (TAR5(1),1=6,IA)
wRITE (6,605)
itR[TE (6t675)
IA=TAB6(1)*TAB6(2)*TAB6(3)+3.O
WRITE (6p680) (TA86(T),1=6,lA)
WRITE (6,605)
WRITE (61676)
IA=TAB7(l).TA87(2)*TAB7(3)+3&0
WRITE (6,680) (TA87(I)vI=6pIA)
WRITE (6,605)
WRITE (6,677)
IA=TA88(t).TA88(2)*TA68(3)+3.0
WRITE (6,680) (TA88U1)pI=6,IA)
WRITE (6,605)
WRITE (6t678)
IA=TAB9( 1) *TA89( 2)*TA89( 3)*3.0
WRITE (61680) (TAB9(I)q1=6tIA)
WRITE (6,605)
TAEILE=0.0
V OR CP =SYV CROP
AK=2.0*ROW*R**2*UINF/(9.0*WA)
sqRITE (b,3101)HEAO
wRITE (6,3102)
vRI TE (6, 3106)ALhCRUI\FUPINFtPAWA
WRITE (6,3108)
wR.ITE (6,3106) XMAXvMAXYDROPDELYDPtXLsXHL1
,,-,.11T E (Co 3104)
WRI TE (6, 3106) \SLYSMVXWINVYWINOIRECTRANOIOM
WRITE (6,31,05)
'WRITE (6,3106) XHLtYh-LALAMDARE- SIL ,SHCdLAL4Gt~R
IWRITE (6,3114)
WRITE (6, 3106) GRAVTYDELXl ,DELX2rXREFIXREF2
WR IT E 46,3115)
WRITE (693106) YTRAPIYTRAP2,XrRAD'IFXTRAP2,TABLE
IRl F6 (6,3165)
.. ITE (6,3106) RE'INF,AK
WRITC (6,3107)
CO 2010 11,0

VIO1 TABIO(1)=0.
TABlO( 1)=l.
T A B10(2)1=2.
TAqlC( 3)=500.
T!A'310(4) =0.
T AB3 1(5) =0.
XPM 1=0.
XKT =0.0
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CK =0.0
-~I =P 0

IPA 0
~Jp =(
YP=0.0
YPML X
WATRAT =0.0
AVS =0.0
U ND0ER= I.O0
VXW=VXWIN
VYW=VYWIN
STRCIR=CIRECT
FN=0.0
PI'M=0,0
GO TO 104

LOO YV~=YMNI
yIN =AB8S (Y M
X-NN=XNNI
f- NX h N =10 0. X NN 1
IF(r(5) -XNN)3400t34O0t340

4
34CC IF(T(6) - YM)3401,3401,3404
3401 IF(T(1) -XNNq)3404t3402t3402
34C2 IF(T(2) - Y#M)3404r3403t3403
1403 JP JP + 1.

IPB I PA +JP

IF ([Pf3.LT.3099) GO rO 6064
WRITE(6,662)
I P13 PA
.IP=O

6064 XPLT(IPt3)= XNN
YPLT(1Pt3)= YM

34C4 ID =ID + I

IF (10.0T.549) GO TO 6065
WRITE (6,661)
10= 10-1

6065 MILCT(D) =XNN
YPLCT(ID) =YM
VOXW=VOX WNI1
V DY =V DY WN I
GO TO 2205

IC? IF (RANCOM) 30505,310
305 YDRCP=Y0ROP+OEl-YOP
3C6 IF (RANCOM.GT.0.0) GO TO 310

V X le V X W I 1 N
VYW=VYWIN
GO TO 315

310 REAC (5rlCOO) YCROPtXLvVXWtVYW
3CUNCE=0.0
IF (YDOP+XLfVXW+VYW.EQ.O.0) GO TO 2003
IF (YCROP.GT.YMAX) STOP
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315 [F(JP) 134050340603405
3405 IP = 1P I

IPCI1p) JP
IPA =IPA + JP

51406 TAM7 [0I
0lR-CT=STROIR
CALL! '9LOTStr.&,XPLOT,YPL0rj

104 !r)XA=VXd/UINF
VC DYW=X'YW/U! NF
W-'f!1E l6t603) XL#Y!YqOPpVDXlW'V0YW
y r., Y DROP
Y'%=A65(ym.l
W~itE (6t3109)

X i~N X L
X N NI =X %N

YPL*UTi1) =X'I'

IF! US) -XNN)3407r34C7t3411.
3407 IF(T(6) - YM3408,3408,341
.3408 If{rT(l) -XNNJ)34lt,34C9#3409
3409 li:(T(2) - YfA)34i1,341O,34lk0
341C JP =JP + I

!P8 =IPA + JP
XPLTHlP81 XNN
YPLT(IP3) =YM

3411 10 =2
XPLOT'(10) zXNN
YPLOT(I0) =
IF (*XNN.GT.XL) GO TO 2205

CO 210 I=1t,,YR
Y(I)=FLOAT(INT(TAd3 (I+4"*10000.0+.5))/10000.0
TA83( I+4)=Y( I)

211.0 CONTINUE~
J=4
DO 220 I=1,NXC
J=J+NYR+ I
XH)=FLCAT(INTTAI3(J) *ICQOO.0+.5))/10000.0
T A 8 ( .J ) -.-X i I

22C C0\TINUE
22C5 IF (YN.GT.YMAX) GO [0 2003

SE LX=C Et. X
IF (XNN.GT.XREF1 eAN3.XNN.LT.XREF2) DELX=DELX2

221 IF (CIRECT) 225,225,260
225 IF (VCYW)226v226v235
226 1 (YI'.LE.0. ) GO 10 231
232 CO 228 I=1,NYR

IF (Y(I).GE.YN) GO rO 229
228 CONTINUE
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23C Y.J=YtI-l)
IF(Yv.LE.-Y(l)) Yl0NI=-YMNl
IF (ABS(Y1'Nfl1.EQ.Y(2) .AN4D.VDYW.GT.O.0) YMNIABS(YVNl)
YJI=Y(I)
GO TO 250

235 IF (YP.LTO.) GO TO 232
231 C0 236 TL-'1NYR

IF (Y(I).GT.YN) GO TO 237
23-6 CONTINUE
237 YmNl=Y(I)

GO TO 230
250 00 255 I=lNXC

IF (X(I).GT.XNN) GO0 TO 256
255 CONTINUE
256 XN1=Xt[)

XN=X(I-1)
IF (GIRECT.GT.O.) XNN1=(HUNXNiN+DC-LX)/100.
GO TO 13

260 CO 265 I=ltNYR
IF (Y(I)OGE.YN.) GO TO 266

265 CONTINUE
266 IF (Y%.EQ.Y(l)) 1=2

YJI=Y( I)
YJ=Y( I-1)
IF (VCX1W) 270t27lt230

271 IF (VCX) 270t270,250
27C 00 275 I=lPNXC

IF (X(I).GE.XNN) GO TO 276
275 CONrINUE
276 XN1=XCI)

XN=X (I-1)
X\N I= (HU\,XN-N-0OELX )/ 100.

13 CALL rLUXXS(rAB6,XN1,0,O,YB2)
CALL ILUXXS( TAB7,XN1,O#OYB3)
YB2NI =YB2
YP3N)j, =YB3

I NC2=-2
I N03=-3
I N04=-4
IF (XNNI-XHLI) 11,12,12

12 IF(YN-YSL ) 11,1301,1301
1301 IF(YN-YSM) 14t 14, 11

14 CALL TLUXXS(TAB41 YJp0p0tXB2)
CALL TLUXXS(TABS, YJoC,O,X83)
XR2JzX82
X633J=X83
CALL TLUXXS( TA84tYJ1 ,OOPX82)
CALL TLUXXS( TAB5,YJIO,0,XB3)
XF2JP=XB2
XB3Jl=XB3
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CALL TLUXXS(TAB6#XNtC,0,YBZ)
CALL TLiJXXS!TfAB7tXl1,Cq0,Yf13)
Y82N=YBZ
Y83NI=YB3
CALL TLUXXS( TAB6,XNIt,,,Y82)
CALL TLUXXS(T4~B71XNlj0j0tYB3)
CALL TLUXXS (TA;488XN,0,0tYBI)
YB IN=YB1I
CALL TLUXXS (TAE38,tNlr0,0,YBl)
YBlNl=YBI
YB32Nl=YB2
YB3NL=Y83
IND1= -1.0
1ND2= -i.0
INC3= -1.0
1N04= -1.0
IXB2j=I.CCCO.0*{ XB2J*.00001)
I X83J= 10000.0 ( XB3J*.00001)
IXB2J1= 10000. 0.1XB2J 1+0. 00001)
I X(3J 1=10000.0* (x83J 1+0.00001)
IY62N =lCC0.0'(YB2N +0.00001)
IY63N =100OO.0*(YB3N4 +0.00001)
IYS2N1= 10000. 0* 1YB2N 1+0.C0001)
IYO3N1=10C00.0*(YB3,*J1+0.0C001)
IYBLN =10C0.0*(YBlIN +0.C0001)
I YB IN 110000.0* CYBiN 1+0.00001)
IXN =lCC.0.(XN +0.00001)
IXNI ?10000O.G*(X.NI +0.00001)
TYJ :lCkCOO.0.IYJ +0.00001)
IYJI =cCOOO.0.(YJI +0.00001)
IF ('LXN-IXB2J) 15p16tl6

15 XL-L=XNJ
YLL =YJ

20 IF UIXN-IX82JI) 17,18,18
16 IF (IXN.GE.1X83J)GO 10 15

IF (IYJ.GT.IYB1*4) GO TO 19
XLL:XB3J
Y LL=YB IN
INC 1 2
GC To 20

19 XLL=X83i
YLL--YB31'
MI=~i 1.0
GO TO 20

17 XUL =X"J
Y(IL=YJ 1

22 IF (IXN1-IXB2J) 23#24124
If- IF (IXN.GT.IX83Jfl '%'0 TO 17

IF (IYJ.GT.IY61'4) GO rO 21
XUL =X83J I
YUL=YS1N
1N02=2
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GO TO 22
21 XUL=XB3JI

YU L =Y 82 N
IND2= 1.0
GO TO 22

2 3 XLR=XN1
YLR=YJ

281 IF (IXN1-IX82Jl) 25,26,26
24 IF (IXNI.GT.IXB3J) GO TO 23

&F (IYJ.GT.IYB1.Nl)GO TO 27
XLR=XB2J
YLR=YBINl
INC3=2
GO TO 281

27 XLR=XB2J
YLR=YB3N.&
1.NC3= 1.0
GO TO 281

250 XWR=XNI
YW4RYJ 1
GO TO 29

26 IF %UXNI.GToIXB3Jl) GO TO ?5
IF (IYJ.GT.IYBlN1I GO TG 28
XWR=AV82J1
Y'.- R 81.NI.
INC4=2
GO TO 29

28 Xe~RXB2JI
Y14 R =YB2 Ni
UiC4= 1.0
GC TO 29

11. YLL=YJ
YUL=YJ1
YLR=YJ
Y WR =YI1
XLL=XN
XUL=XN
XLR=X'i
XWR3.N

29 DELYL=YUL-YLL
IF(,E-LYL) 300,t31

30 VXL=O
32 CELYR=YWR-YLR

IF('ELYR) 33,014
31 IP(INCI) 431t 431p 432

432 PHILL =1.0
IF (INCl.EQ.2) PHILL=0.
GO ro 433

431 CALL TLUXXS(TAB3,XLLi YLLt0, PHILI.)
433 IF(INC2) 434v 434, 435
435 PHIUL = 1.0

IF (I-Ni2.EQ.2) PHIUL=0.
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GO ro 46
434 CALL TLUAXS(TAB3t XULt YL,~ 0, PHIUL)
46 IF (ALAP'OA.EC.0.0) GO TO 436

DELYL=( (YLL+YUL)/2. )*DEIYL
436 VXL=(PHIUL-PHIlLL)/DELYL

GO TO 32
3-3 VXR=O
35 CONTINUE

3221 DELXL = XLR - XL!.
IF(CELXL) 36936,37

34 IF(IND3) 437t 437, 438
438 PHILR =1.0

IF (INC3.EQ.2) PHILR=0.
GO rc 4a9

437 CALL fLtJXXS(TAB3tXLRYLRt0, PHILR)
439 IF(IJ\'04) 440, 440, 4.41
441 PHIWf-I =1.0

IF (INC4.EQ.2) PHIWR=0.
GO TO 3010

440 CALL TLUXXS(TA133,XWRYWROPHIWR)
301C IF (ALAMOA.EQ.0.0) GO TO 442

DELYR=( (YWR+YLR)/2. )*CELYR
442 VXR = (PHIWR-PHILR)/DELYR

GO TO 35
36 VYL=O.0
38 OELXU=XW4R-XUL

IF(CELXU) 39039p40
37 IF(1N03) 443, 443, 444

444 PHILR =1.0
IF (INC3.EQ.2) PHILR=0.
GO TO 445

443 CALL TLUXXSC TAR33,XLRtYLt0,PHILR.)
445 IF(INOI) 446, 446, 447
447 PHILL =1.0

IF (INCl.EQ.2) PHILL=O.
GO TO 448

446 CALL TLUXXS( TAB3tXLL,YLLr0,PHILL)
448 IF (ALAMOA.EQ.0.) GO TO 4481

DEL XL =YJ*.DEL XL
4481 VYL= (PHILR-PHILL)/OELXL

GO 10 38
4C IF(INC4) 449, 4409 450

45C PHIW4R= 1.0
IF (,NC4.EQ.?j PHIWR=O.
GO IC 451

441; CALL TLUyKS( TAB3,XWq ,YWR,0tPH[WR)
451 IFUIND2, 452, 452p 453
453 PHI~ltA 1.0

IF (INC2.EQ.2) PH[UL=0.
GO TO 454

452 CALL TLJXXS( TAB3,JLtYULs0,PHIUL)
454 IF (ALAMOA*EQ.O.,l GO TO 4541
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C EL XU=DEL XU *YJ j
4541 VYW= (PHIdR-PHIUUJ/OELXU

WFS=O.0
COSNrT&"R=O 0
GO rc 4101

3S; VY'W=o*
WF S=0.0
CONTER=O.0

4101 CIVX=0.0
CIVY=Q0
IF (CIRECT) 320,320,340

320 IF (VYW.NE.0.) GIVY=1.
IF (VYL.NE.0.) OIVY=CIVY+l.
IF (VXL) 360,361,360

361 VX=VXR
GO TO364

360 IF MVR) 363#362t363
362 VX=VXL

GO TO 364
363 VX=VXRu((XNN-XLL)/(XLR-XLtL))+VXL*((XLR-XNN)/(XLR-XLL))
364 YVEAN=ABS((YMNI+YM)/2.Q)

VY=(VYL.(YMEAN-YJ1)+VYW*(YJ-YMEAN))/(YJ1-YJ)
GO TO 3011

340 IF(VXL) 42P43,42
42 D1VX=1.0
43 IF(VXR) 44945944
44 CIVX=DIVX+l0O
45 XI'EAN :(XN.N+XNNI)/2*

VX=(VXL*(XNI-XWEAN)+VXR*(XMEAN--XN))/(XNI-XN)
IF (VYW.NtE.0.0.AN0.VYL.NE.0.0) GO rO 365
IF (VYW.NE.0.) GO TO 7001
VY=-VYL
GC rc 3011

7C01 IF (YJ.EQ.0.) GO TO 365
VY=-.VYW
GO TO 3011

365 VY =-VYn*((YN-YLL)/(YUL-YLL))-VYL*((YUL-YN)/(YLL-YLL))
3011 VDX =VX/UPINF

vnfy=v Y/ UP I NF
IF(YI'.LT.0.J Vl)Y=-VDY
F IRST=0.

VDXWM=VCXW
V DY,4m -VDY W

325 PC.=R EINF*SQRT( (VDX-VOXWP)4*2tiVDY-VDYWM)**2)
CKZ1. . 19 7*REN**.,63+ .00026*REN.#1. 38
IF (DIRECT) 336,3360337

336 YXXX=VDYd**2+(YM4Ni-Ym)* (VDY-VDYWM) *CK/(6.0*AK)-5. 3623/(U~HOW*UINF.*
X2)*(RfCW-PA) (YMII1-YM )*GRAVTY
GO TO 338

337 XK,5X=VCXW*,2+(X'JNl-X.NN)*(VDX-VOXWM) *CK/(6.0*AK)
339 IF (XX5X.Lf.0.) GO TO 370
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IF (WFS.GT.O.) XX5X=O.O
IF (ICIRECT.Gr.0,) GO TO 339
V DY WN .= SRT(XX 5X )
IF (VLCYW.LT.O.) VCYWNI=-VDYWNI
CfW=CYMNI-YM.)/i6.C*(VDYWJl+VDYW))
vDx4Nl=vDxw+CTw* (VDX-VDXWM)*CK/AK
GO TO 5010

37C IF (CIRECT.GT.0) GO TO 348
IF (CCNTER.GE.4.0) GO TO 348
CONJTER=CONTER. 1.0
YPN1= (YP+YMN1 )/2.O
GG AO '4101

348 IF (CWB.GT.0) GO TO 345
W=1.0

IF (C[RECT.GT.O.0) GO TO 346
VDYWM=VDYW/2.0
GO TO 325

346 VDXdIM=VDXW/2.0
GO TO 325

345 IF (CIRECT.GT.O.0) GO TO 347
C IRECT=-C[RE(^T
GO TO 2205

347 XNNI=XNN-(VDXW*VCXW*6.Q*AK)/(CK*fVDA-VOXW/2.0))
CONTER=CONTER+ 1.0
WFS=1.0
IF (CCNTCR.LE.1O.0) GO TO 4101
V Dy WM~=VDY W
XKT=26*0
XX5X=0.0
GC TO 339

339 vnxwNI=SQRT(XX5X)
IF (VCXW.LE.0.) VCXWNI=-VDXWNI
IF (VCXwI.EO.0.0.A14.JOVoX.Gr.O.O1 VDXi4Nl=ABS(VDXWN1)
DTW=(XN\Jl-XNN)/(6.0'(VOXWNI+VDXW))
V9YN=VYW+CrW*(VOY-VDYWM)*CK/AK-32.174*DrW*(RHOW-PA)/(IHOW*UINF*

X*2) *GRAVTY
301C IF (VCXW'JI.GT.VCXW) GO TO 4200

IF (VDX.Q*E*VCXWfql) VCXWN1=VDX
GO T0 5020

4200 IF (VCX.LE.VCXWNI) VCXWN1=VDX
i02C IF (VCYWN1.GE.VUYW) GO TO 4100

WDY=.qDY-32.174*(Rh-iW-PA)*(DTW)/(RHiOW*UI.NF**2)*GRAVTY
IF (VCYWN1.GE.WOY) GO TO 399
V DY WN 1=VDY W
IF CWCY.LT.VCYW) VDYWN1=WDY
GO rc 399

41CC WflY=VCY-32. 174*(RHOW-PA)*(DTW)/(RHiOW*UINF**2)*GRAVTY
IF (WCY.GT.VCYWN1) GO TO 399
VGYWN 1=VDYW
IF (WCY.GT.VCYW) VOYWN1=WDY

399 VOXWM1L (VCXWNI + VCXW)/2.0
VDYWMI = (VDYWNI + VCYW)/2.0
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IF(XKT - 25.0)4999t499903028
4999 IF(4ES(V[OXW) - .0I13C4l,3040,3040
304C IF(AieS(VCXWM - VDXWMIl) - ABS(.0O1 * VDXWM))304lt304lt3026
3041 MiBhS(VOY6) - .Ci)3028t3024,3024
3024 IF(ABS(VDYWP. - VOY14ML - A8RS(.001 * VOYd1M))3028,3028r3025
3025 IF(4BS(VOYWM - VDYWM1) - .CCO1 )3028v3028t3027
3026 iF(ABS(VDXWM - VOX14MI) - .0001 )304103041,3027
3027 CVXVCXWM1-VDXWM

OVYM=VDYWI1-YDYWM
IF (FIRST.LE.0.) Go r0 750
VDY4w'1=VCYWM1-DVYM*( (VDYWMX-VOY",Y,)/(DVYMX-OVYM))
VCXWm'1=VDXWM-0VXM*(Vcxwmx-VDX1-m)/(DVX,4X-DVXM)

75C VDX4MX=VDXWM
V(DYlIpX=VDYWM
VCXWM=VDXWM1
VcYwv=VOYWM 1
FIFRSr=FIRST+1.
SV XMX =DXM

OVYM'X =OVYP
XKT = XKT + 1.0
IF(XKT-25. )325t325,5000

5000 WRITE (6o3111)VCYW.M7VDXWM
VOXw?' = VDXW
VDYwY = VOYW
GO TO 325

3028 IF (CIRECT) 500,500,502
5CC XNN=XN+6.0*DTW*(VDXWNI+VOXW)

XKT=XKT+1.0
IF (AfS(XNNl-XNN).LE.DELX/55.0) GO TO 52

460 IF (XKT.GT.26.0) GO TO 52
0IRECT=-CIRECT
GO rc 2205

502 Yi%\1=Yi4-6.O*CTW *iVDYWN1+VDYwq)
XKT=XKT+ 1.0
IF (AtS(YMNl-YM).LE.(YJ1-YJ)*1.05) GO TO 52
GO TC 460

52 WRITE (6,3110) X,\NlYMNlDTv,iCK,RENVDXVDXt.'deVDY' 1 ,VDYXKTI
XOIRECT
XKT = 0.0

3020 IF (XNNI-XMAX)54t53,53
53 IF (A8S(YMNI)-YSM) 459,459,505

4513 IF (XPP'1.EQ.O.0) GO TO 462
IF (FNNE.0.0) GO TO 471
S AVE~=YCROP
FN= 1.0
GO TO 461

471 FN=FN+1.0
461 YCP=YRCP-CEYCP/2.O**FN

GO TC 306
462 IF (FN.EQ.0.0) GO TO 10?

FN=FN+ 1.0
Y DROP =Y DROP +DEL YC P/2 . 0* *FN
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GO TO 306
505 IF (RANDOM) 5070,5070,102

507C IF (LANGMR.LE.0.) GO TO 2003
ND=5+2*(NK-1)
WRITE (6,630) Rt(TAi~lO(IbIl=6,ND)
AVS-'AX=TABlO(N-.)
AVS=FLCAT(INJ(TABLO0(6)*4..)-l)/4.
GO TC(5040,504l,5042,5043,5044p5045,5046),IBEcV

5040 FACTCR=,3
5048 APERAC=.71

GO TC 5055
5041 FACTCR=.2
5049 APEqAO=.52

GO TO 5055
5042 F4'%TOR=.l
5050 PERAC=.31

GC TO 5055
5043 FACTOR=.05
5051 APERAC=2.22

GO TO 5055
5044 FACTGR=.05
5052 APERA0=1.74

GO TO 5055
5045 FACTGR=.1
5053, APERA0=1.37

IGO rc 5055
5046 FACTCR=.2
3054 APERAO=0.0
c055 R=SPER40*LANGMR

BEV= 18EV
ARITE (6,640) BEVFACTORtAPERAO
183El =I bE V + I

:i356 CA\LL TLUXXS (TAi310,AVStO,0,iATRAT)
, 1 TE (6,640) WAfRAT
IF (AVS.GT.AVSPM4X) WArRAT=o.
W4W R T=FACTORiw ATR~Ar
00 5072 1=1,800,2

5C72 IF (TAI3I'UI).EQ.AVS) GO TO 5073
.4073 CUvwAT=TABI1(I+1)

WRITE (6,640) CU?'WATtWAWRTtAVS
Cu I0' A T=C UMW A T WA W RI
TA LI( l+H =CUMAWAr
A VS =AVS 40.*25
IF (VwATRAT.GT.0.0) GO TO 5056
IEI\C.2*NK+5
00 5060 1=6,IEND

5060 TA110 (H1=0.
N K=0
IF (R.LE.').) LANGMR=0.
IF (l.GT.IMAX) IMAX=I
'eWRITE (6o635) (TABL1I(J),J=bIIAX)
GO TC 6041
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54 IF (ABS(YVMNl)-YMAX)55,53,53
55 CALL TLJXXS(T486,XNNlOOpYB2)

WFSMB=O.
X% NI = X NN I
IF (ABS (YMiN1).Lr.YB2) GO TO 1575
CALL TLUXXS(TAB7#XNN1v0rOYB3)
IF (ABS(YMNl)-Y83) 57,100,100

1575 CALL TL0XXS(TAD3X''JL ,OOYBl)
IF (A8S(YMNL.GE.YBI) GO TO 100

1577 CALL TLUXXS (TAB8tX-Nlt0#OYBl)
YRlNl=YB1
CALL TLUXXS(TA88,XNNtjO0,YBl)
YB 1N=YB1I
IF (XNN.GE.Xh-Ll) GO TO 472
YZ1IYM*(XNN1-XHiLl)+YMNI.(XHLI-XNN))/(XNN--XNN)
AMB=YBliNl/(XN1-XHLl)
AtOT= (Yt.N-YM)/ (XNN1-XNN)
IF (YZI.GT.O.O) GO TO 473
CIFX=(O.O-Yi-AMDr*(XI-L1-XiNN))/1AMB*AMDT)
XP=XHLI+DIFX
YP=-AMB*DIFX
AMC T=-AMOT

GO TC 474
473 OIFX=(YM~fAM0Tv,(XL1-XN*N))/(V"5m-AMOT)

XP=XhL 1+DIFX
YP=APB*DIFX
GO TO 474

472 AY=YllYl)/X1X'JN
AYDT=(ABS(YMNI)-YN)/(XN\U-XNN)
D IF X= (Y--YB IN)/ AfAB- A MDT)
XP=XNN+O IFX
YPzY81N+AMB*iDIFX
IF (YWNI.Lr.C.0) YP=-YP

474 CONTI.NUE
IF (ABS(XP-XNL ).LE.0 00001) GO TO 3501
X NI = X P
;4FSPBI=WFSj108+ 1.0
iF (WFSvB.LE.25.0) GO TO 1577
GO TC 3501

57 CALL TLUXXS rTAS6pX~lO,0tYB2)
Y82Nl=YB2
CALL TLUXXS (r~B6?xN'qO,0,YB2)
YB2N=YB2
IF (Yi3N-Y'VAX) 157,158,158

158 IF (XHL.Lr.XNI) GO TO 1585
XN1=XNN 1+CELX2/ 100.
GO TG 57

l5e5 YZ=(A8S(Y?N1t~)*(X-L-XN)+YNaiXNJ.XHL) )/(XNJ'N1-X.NN)
'F (ABS(YZ)-YHLI 151,3500,160

159 4v$!=(YB2N1-YFL)/ CXN1-XHL)
rSC fG 161

16C CALL TLUXXS (rA87tXN1,0,0tYB3)
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Y83\1=YB3
AMR=( Y83N I-YI-L )/XNI-XHL)

161 YO=YI.L-APB*(XHL-XNN)
GO TO 60

1.57 IF(YN*-Y132N) 58, 59, 59
58 AtP=fYP21Y2N)/(XNl-XNN)

CALL TLUXXS(TAB6,XN'4,0,0,YB2)
Y0=YS2
GO TC 60

59 CALL TLUXXS (TAB7pXNI,0p0pYB3)

CALL TLUJXXS(TAB7XNNO0Y3)
YO=YB3
AI'8=(YB3NjI-YO)/( XNI-XNN1)

60 A.'OCT(ABS(YMN1)-YN)/(XNN1-XNN)
01 FP=AtMB-AMDT
DIFY=YN-YO
DIFX=CIFY/O.IFM
XP=C IFX+XNN
O*IFFY=AV.B*DIFX
YP=flIFFY+Y0
IF (YV-%l.LT.0.) YP=-YP
IF (A6S{XP-XN1).LE.0.0001) GO TO 3501
XNL =XP
WFSvb=WFSMBfl.
IF (1WFSP.LE.25.) GO TO 57
GO rO 3501

3500 CON'TINUE
XP=XHiL
YP -Y -L

35C1 IF(T(5) -XNN)34l2r3412,3416
31412 IF(T(6) - MN34130341303416

3414 IF(T(2) - YN)341693415,415
3415 JP =JP + I

IPB IPA + JP
XPLr(iPB) =xp
YPLT(IPB) = YP
IF (IPi3.LT.3099) GO TO 3416
JP=o

?416 I0=11>1
XPLCT( ID)XP
YPLOT(IO) =YP
IF (XN.NL.LT.XIRAPJ) GO TO 802
IF (XNiNI.GT.XTRAP2)GC TO 802
IF (ARS(YIM\1).LT.YrRAP1) GO TO 802
IF (ARS(YYNH*)GT.YTRAP2) GO TO 802
WRirE (6,660)
GO fC 102

802 IF (R'SIL.EQ.0.0) GO TO 9781
ALPH=ATAJ( AMO)
BETA=1 *57079
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IF(XNN1.l.XNN) 9ET4ATM4(4M-DT)
[F (VCXW.GE.0.0) Go To li12r IF (ABSC iLPHA-BETA)-l.57079) a10,804,8088C4 SIGNIzJ.0
SIGIN2=l.0
EPS=-1.57'079

8 Of6 VBIT=O.
VD41=SQRT (VDXW*VCXW.'4+VDYW*VDYW.J1)
VB2%=VCI% 1 *RES IL
GO TC 818

808 SIGNL=1.0
SIGN2=1.0
GO TO 816

81C SIG.Nh-I.O

GO TO 816
812 IF {ABS(4LPH-BETA)-l.57079) 808P8149810
514 SIGNJ=1.0

SIGN2=1.0
EPS=-1.57079
GO TO 806

816 VDVU=SQRT(A8S(VCXW*VCXW%41)fABS(VDYw*VDYWNI))
V9INl=VOW1*SIN( ALPHi-9ETA)
Vq~I T=Mvi*C S(i'LP!--tETA)
V B2 N V81N *R ES IL
EPS=t&TAN( VB2N/VB IT)

918 4NGLE=ALPH+EPS
V~tv2=SQRr (VBIT*VBIT..V8?*VB2N)
V0Xf;Nl=VM42*S IGN1*COS(ANGLE)
VDYWN1VVrW2%S~cN2*S IN(ANGLE)
IF (YP.LT.O.o) VDYWNjI=-VDyWl
P(-f,CJPC=8OUNCE + I .*0

XL=XP
VYW=VDYWNI*U INF
V ~azV DX WN U IN F
IF (XL.GE.X.NIAX) GO rO 1B2
IF (HCUNCE.GT.15.O) GO TO 102
60 TO 315

9781I X66=X66
IF (XPM1.NE.o.0) GO TO 468
IF (FN.EQ.0.0) (;G TO 463

Gc rG 464
463 SAVE>YCROP

FN= 1.0
464 Y2,CPYDROP-CELYCP/2O0**FN

IF (FNJ.LT.6.0) GO 10 306
V fA\=YDROP
YGR C P = SAVE -CE LY0 P
GO TO 1644

468 IF (FN.EQ.0.0) GO TO 61
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F' =FNi I q
YvORGE:;zPRfC.LYC9'fZ. 0s *FN4
I F (F,:,L f 6i GO i0 306
YT A N = V . P
Y CROP S;WE0lLYCP
GO TO 61.

62 YPM'lzYP
XppI=Xp
UNCERXUN3ER
WRITE (6s.3107)
WRITE (6, 124C)WATRATAVStXPYP'viATER
WRITE (693107)
N K = NK +
IF (NK.EQ.1) GO TO 475
IDX=4+2*(NK-1)
TA31O( IOX)=AVS
TABLC( IDX+l)=WATRAT
rABlO(3)=NK
xP=0.0

475 IF (FN.EQ.0.Q) GC TO 102
YP=0.o
XP1p' =0.0
GO TC 6175

W lC=YP-YPMI
SC(F Tr L H IT E **2
SCW IC=WIDo.2
AfHYPr=SQRT ( SCHI E+SQwIO)
TF(ALAM'DA) 1641, 164Ct 1641

1640 CCNAER=AHYPT
Z = 60.01, DELYOP
IF (FN.EQ.O.O) GC TO 470
l=f60.O*( YTAN-YC~uf'))
GcO ro 1642

41C IF (PPMA.E(Q.O.0) GO TO 1642
1=60.O* (YDR0P-YTAN)

GO TO 1642
161-1 SUJ" AC=AI3S( (YP)*(YPMHW

C ON AER S U1RAC * MYPT
Z=6o1 *(ABS(2,OYCR2P-CELYDP))*DELYoP
IF (FNI.EQ.O.0) GO TO 6165
i=6O.C*(YTA'4-YCIIOP)*(YTAN+YDROP)
GO TO 6167

J:165 IF (PIOM.EQ0..) GO TO 6167
Z=60.0*(YDRop-YrAN)*(Y0ROP)+YTA4NI
P P = 0 *

6167 IF (YP*YPMI.GE.0) GO TO 1642
PHYP=SQRT (YP'YP+(fXP-XHL I)*4*2)
P'w'Y=SQRT(YPM1*2+(XPM1-XHLI)#.2)
CCNAER.=(YP*PHYP) *ABS(YPM1uPMHYP)

1642 WArER=Zu12.0.UINF.ALWC.
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wA rRAr=WATER/CONAER
lt44 XSS=XP-XH-L

XXSS = XPMl- H
CALL TLU.(XS (TA68,xp~ofotYEln
IF (AiS(YP).LT.(YaI...ooI)) GO TO 67
CALL TLUXXS (TAB~,Xpp~ovtYB2)
YB2XP=YB2
IF (ABS(YP).LT.(Yg2XP+.001)) GO TO 68
CALL TLUXxS (TA82,XSS,O,O,SUP)
UNDER=I.
IF (UNDERXSLT.0.) GO TO-64
GO TC 63

68 CALL rLIUXXS (TA3IXSStotofSUp)
SUP:-SUP,
UNDER=1.0
IF (U.NCERX.LT.0.C) GO TO 64

6CALL TLUXXS(TAB~ ,XXSSl0OpSUpMl)
SUPM =-Su PM I
GO rO 65

64 CALL TLU~XS (TAB2,XXSS,O,O,SUP.I)
55 AVS =(SUP + SUPMU./2.O

IF (XPI'1.NE.O.0) GO TO 62
6175, AVS=SUP

PWN' 1.0
w AT 'AT=0.0
F%::0.0
GC TO 62

67 CALL TLUXXS (TA891XSS,0,0,SUP)
CALL TLUXXS (TAB9,XXSSto#CISUPV.I)
IF (YP.GT.O.) GO TO 70

SUP=- SUR
(;c rC 71

/C JN 0E:R = I.
7T IF (UNDERX.Lr.o.0) SUPMI=-Supmi

GO TC 65
END0
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